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PREFACE

The research reported here is part of Rand’s work for the Department of
Energy on energy utilization in the non-OPEC less-developed countries (NOLDCs).
It presents an analysis of the relationship between energy demand in NOLDCs, on
the one hand, and their economic growth rates and energy prices, on the other. A
second study, analyzing household energy consumption by income class, and by
urban and rural location of income recipients, is reported separately in Rand Re-
port R-2515-DOE, Household Energy Use in Non-OPEC Developing Countries, by
Judith C. Fernandez (May 1980).

The work described in the present report develops and applies several rela-
tively simple and inexpensive methods for sizing future oil and energy demand in
the NOLDCs in relation to their economic development and to world demand.
Policy implications are sought in several overlapping areas: international energy
markets, “North-South” energy relations, and U.S. economic and technical assis-
tance to developing countries.

Briefings on an earlier version of this report were presented to the Department
of Energy and other government agencies in July 1979. Comments and suggestions
made at those briefings are reflected in this final version.
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SUMMARY

How much of the world’s oil and energy supply will the non-OPEC less-devel-
-oped countries (NOLDCs) demand in the next decade? Will their requirements be
small and thus fairly insignificant compared with world demand, or large and rel-
atively important? How will world demand be affected by the economic growth
of the NOLDCs?

SCOPE OF THE REPORT

In this report, we try to develop some reasonable forecasts of NOLDC energy
demands in the next 10 years. Our focus is mainly on the demand for oil, but we
also give some attention to the total commercial energy requirements of these
countries. We have tried to be explicit about the uncertainties associated with our
forecasts, and with the income and price elasticities on which they are based.
Finally, we consider the forecasts in terms of their implications for U.S. policies
concerning the NOLDCs and suggest areas of future research on NOLDC energy
issues.

FORECASTING NOLDC ENERGY DEMAND

In 1976, total commercial energy consumption (including oil, gas, coal, and
primary electricity) by all NOLDCs amounted to 9.3 million barrels per day (MB/D)
in oil equivalent, or about 11.5 percent of global consumption, excluding the central-
ly planned economies. Oil consumption (excluding petrochemical feedstocks) by all
NOLDCsin 1976 was 5.6 MB/D, or about 14 percent of the global figure. Oil imports
by NOLDCs in 1976 were about 15 percent of world imports.

Our forecasts of NOLDC demand for the next decade cover an extremely wide
range. For example, in our forecast of NOLDC oil demand in 1990, there is more
than a threefold difference between our minimum of 5.73MB/D and our maximum
of 17.45 MB/D. As ashare of world oil demand, these figures correspond, respective-
ly, to a minimum between 7.8 percent and 10.6 percent, and a maximum between
23.5 percent and 32.2 percent.! The circumstances under which the extremes of our
forecasted range would occur are, admittedly, quite unlikely, The NOLDC portion
of the forecasted world oil imports in 1990 may be as small as 8.3 percent, or as large
as 34.6 percent, assuming that the 1976 relationship between oil imports and oil
consumption still prevails in 1990.

The wide range of these 1990 forecasts depends in part on the several different
scenarios that we have assumed for NOLDC growth in real income (3 percent, 5
percent, or 7 percent per year) and for oil prices (increasing at 3 percent, or 5
percent per year in real terms). The range of the estimates narrows somewhat if

The range of the minimum and maximum percentage shares depends on whether we use the high
(74 MB/D) or low (54 MB/D) estimates of world oil consumption in 1990 that have been made in other
studies.
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we confine our attention to a single scenario, one that perhaps may be considered
the most reasonable and likely: an NOLDC income growth of 5 percent per year
for the decade of the 1980s, and oil price increases at the same rate. In this case,
our forecast of NOLDC demand in 1990 lies between 6.1 MB/D and 16.0 MB/D, or
between 8.2 percent and 21.6 percent of forecasted world oil demand, respectively.

In any event, our forecasts still span an extremely broad range, reflecting a
greater degree of uncertainty than that of previous studies by the World Bank,
Organization for Economic Cooperation and Development (OECD), and other insti-
tutions. Our analyses include a comparison and an explanation of these differences.

The models on which our forecasts are based express current demand as a
function of current income and price, measured in constant units, and of demand
in the immediately preceding period. Data used in fitting the models cover 77
NOLDCs, which accounted, in 1976, for 79 percent of total oil consumption by all
124 NOLDCs.

The income and price elasticities with which our demand forecasts are associat-
ed also vary widely. The apparently simple question, “What is the income (or
price) elasticity of demand for oil or energy in the NOLDCs?”” admits of neither
a simple nor singular answer. Using regression equations we have calculated four
different types of elasticity, which vary by a factor of five or more across the four
types. In general, our income elasticities are appreciably lower than those calculat-
ed in previous studies, but our price elasticities are similar to previous estimates.

There are three principal explanations for this wide range and for the uncer-
tainties it reflects: (1) the variations in the scenarios assumed for NOLDC economic
growth and for world oil prices, mentioned above; (2) variations in model specifica-
tions; and (3) variations in definitions and measurement of the price and income
variables employed in the models. Among the three sources of uncertainty, the
effects of differences in scenario assumptions and in the definition and measure-
ment of variables are about equally great, whereas differences in model specifica-
tion have the least effect. The scale and explanation of these uncertanties, as well
as those associated with the more familiar standard errors of the estimating equa-
tions, are discussed in the text.

POLICY IMPLICATIONS

What policy implications follow from our forecasts?

The most obvious implication is that policy plans and pronouncements should
take into consideration the inevitable large uncertainty inherent in forecasts of
NOLDC oil and energy demand 10 years into the future. From the standpoint of
U.S. energy policy, it may be prudent to focus on high NOLDC income growth rates,
high income elasticities of demand, and low price elasticities, because they would
seriously affect our oil supply. If supplies are tight because of high OECD demand
or restrictive OPEC policies, increased NOLDC demand will further tighten the
supply and push prices upward, assuming, of course, that other influences on world
oil markets remain unchanged. Also, the durability of the OPEC cartel will tend to
be strengthened, to the extent that its cohesion is helped by increased world de-
mand. These results will only materialize if the NOLDCs experience rapid economic
growth, if prices in world oil markets are high, and if income elasticities of demand
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in the NOLDCs exceed their price elasticities. If NOLDC economic growth is slow,
income elasticities are low, and price elasticities are high, pressure on world oil
supplies and prices will be eased, and the cartel’s cohesion will probably be strained,
especially if OECD demand growth is also moderate or low. However, the political
effects of slower NOLDC growth would be contrary to the interests of both the
NOLDCs and the U.S.

U.S. policy therefore faces a dilemma. Accelerated growth and economic devel-
opment in the NOLDCs—a general aim of U.S. foreign policy—is likely to mean a
higher demand for oil and hence further pressure on world oil prices and supplies—
consequences that U.S. energy policy would prefer to avoid. Attempts to resolve the
dilemma—e.g., by encouraging the development of “soft”-energy technology, or
nuclear technology, in the less-developed countries (LDCs)—are likely to be viewed
by the NOLDCs as disingenuous and self:serving.

Thus, there is a real conflict, often unrecognized, between the international
energy policy aims of the U.S. and the aims of its foreign policy in the arena of
“North-South” relations.

However, the relationship between the international energy policy of NOLDCs:
and that of the U.S. may also be viewed from a different, and more congenial,
standpoint. Instead of looking at the effect of NOLDC economic growth and oil
demand on world markets, one may consider the effect of oil markets on the
NOLDCs. From this standpoint, the interests of the U.S. and those of the NOLDCs
are highly compatible. The NOLDCs and the U.S,, as well as other developed
countries, share strong interests in increased world oil supplies and lower, or con-
stant, world oil prices. The developed countries and the oil-importing LDCs are on
the same side of this “North-South” issue, not opposite sides, a point which is often
missed or obscured in the conventional view of North-South issues.

By 1990, the oil import bill of the NOLDCs will be roughly between $47 billion
and $88 billion (in 1979 dollars), over the central range of our forecasts for NOLDC
oil demand in 1990. Hence, the incremental costs to the NOLDCs of their annual
oil imports will almost surely be considerably greater than the benefits they might
plausibly receive from any of the measures of international economic reform they
have tried to achieve: for example, the proposed stabilization fund for LDC com-
modity exports; or the debt-service reduction that might result from a rescheduling
of LDC international indebtedness; or the increases in foreign economic assistance
sought by the NOLDCs and the U.N. Conferences on Trade and Development.

To alleviate the impediment to NOLDC economic growth that a large and
growing burden of oil import costs would create, we suggest that it might be
possible to obtain a concessional oil price from OPEC on petroleum sales to the
NOLDCs. In spite of the numerous and serious obstacles and drawbacks to such a
proposal, we suggest that it should be given further consideration. The attractive-
ness of two-tier pricing is twofold: (1) It may be a means of securing supplementary
assistance for the NOLDCs from the OPEC countries. (2) It may provide a concrete
way for the U.S,, individually and together with other countries of the “North,” to
collaborate with the “NOLDC South” in furthering NOLDC interests.

Several research suggestions have evolved from our analysis of NOLDC energy
demand. ‘

1. In forecasting energy demand, one frequently encounters a familiar meth-
odological issue: What is the relative importance of refinements and sophistication
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in model specifications? How much effort should be devoted to them, as against the
more mundane concerns, such as the exogenous assumptions or scenarios that are
adopted, the definition and measurement of variables, the quality and comparabili-
ty of the data used to measure them, and the inclusion or exclusion of specific
dummy variables? Our results bear on the answer to this question in only a limited
way, but one that is nonetheless interesting and significant.

In terms of their relative quantitative effects on the minimum and maximum
demand forecasts for 1990, the “mundane concerns” have a much greater impact
than do additional model refinements and sophistication. '

2. Although the pattern of NOLDC price and income elasticities for several
separate country subgroups—i.e., new industrial countries, and upper-income, mid-
dle-income, and lower-income countries—seems to be similar to that of the all-
country group, there are a few interesting differences. Consequently, we suggest
that in future research more attention be focused on the income and price elasticit-
ies, and their associated demand forecasts, of these separate country subgroups.

Such further work would be particularly useful in the case of the oil-importing
“new industrial countries” (NICs): Korea, Taiwan, Brazil, Argentina, Hong Kong,
and Singapore. Among the NOLDCs, these are the countries that have successfully
surmounted the problem of limited oil supplies and rising oil prices while dramati-
cally advancing their own economic development. To what extent have these coun-
tries relied on market forces and price changes, or on direct controls and rationing,
in allocating scarce energy supplies? To what extent, and through what means,
have they shifted production toward less energy intensive output and technology?
And to what extent have they been able to pass on to others their increased oil
import costs by simply raising prices of their exports? An analysis of the NICs’
policies and patterns of energy use and adjustment should be particularly instruc-
tive and useful for the other NOLDCs.

3. Our study of energy and oil demand, like other similar studies, has looked
at only one side of the relationship between economic development and energy use:
the effect of economic growth, and of increases in oil energy prices, on demand.
Econometric research should also focus on the reverse relationship: the effect of
changes in energy use and energy prices on economic growth. Such research should
consider the relationship between increases in real oil prices, as an independent
variable, and economic growth in the NOLDCs (as a group and for various country
subgroups, especially the NICs), as the dependent variable. The aim should be to
provide an answer to this question: Do increases in international oil prices of X
percent “cause” (or contribute to) a decrease in economic growth of Y percent in
the importing countries, after proper allowance is made for the effects of other
variables?

4. Finally, there are a number of research issues connected with the two-tier
oil price proposal mentioned above. One issue that needs to be investigated is the
extent to which the oil prices actually paid by some NOLDCs in recent years may
have been below quoted world prices, e.g., because of rebates or concessional de-
vices of various kinds. This investigation should cover information sources (includ-
ing intelligence sources) beyond those used in the present study.
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Chapter 1
INTRODUCTION

How much of the world’s oil and energy supply will the non-OPEC less-devel-
oped countries (NOLDCs) demand in the next decade? Will their requirements be
small and thus fairly insignificant compared with world demand, or large and rel-
atively important? How will world demand be affected by the economic growth
of the NOLDCs? '

Rand work on these questions began in the summer of 1978, after some prelimi-
nary work on energy issues in developing countries. In this study, we wanted to
develop some reasonable forecasts of the range of NOLDC energy demands in the
next 10 years. We also wanted to be explicit about the uncertainty associated with
these forecasts, and with the income and price elasticities on which they are based.
Finally, we wanted to consider their implications for U.S. policies concerning
NOLDCs, and for future research on energy issues relating to these countries.

At the outset, we intended to devote equal attention to NOLDC demand for all
energy sources and, separately, for oil. Subsequently, we decided to concentrate on
oil demand for two reasons, one concerned with policy and the other with computa-
tional convenience: (1) The principal issues of energy policy that affect, and are
affected by, the NOLDCs probably relate to the world market for oil rather than
other fuels. (2) Information on user prices for other commercial energy sources (gas,
coal, hydropower) is more difficult to collect and even less reliable than information
on oil prices.!

For these reasons, concentrating on oil, rather than on all energy sources,
seemed appropriate within the limits imposed by our time and budget constraints.
Although some results will be reported for total commercial demand for energy,
and its associated income and price elasticities, our main emphasis is on NOLDC
demand for oil. While we do not attempt to estimate cross elasticities of demand
between oil and other fuels, the range of uncertainty in our reported estimates for
oil demand is probably sufficient to cover a reasonable allowance for cross
elasticities.?

The remainder of the report is organized as follows: Chapter 2 provides a brief
background, summarizing previous estimates (or assumptions) about price and

A valuable recent study by the World Bank collected separate price data for solid fuels, gas, and
primary electricity, as well as oil, for a sample of thirty-five countries, compared with the seventy-eight
in our data set. See B. J. Choe, Energy Demand Prospects in Non-OPEC Developing Countries, The
World Bank, June 1978.

2If it is assumed that oil prices are likely to rise relative to prices of other fuels, some substitution
of these fuels in place of oil should be expected in the future. On the other hand, income cross elasticities
may lead in the opposite direction: they may promote the substitution of oil in place of other fuels as
income rises, thereby offsetting the price effect. Some preliminary work by Judith Fernandez, dealing
with the proportion of various fuels in total energy used by households at different income levels,
suggests that the income cross elasticity of demand for oil in developing countries may be lower than
is usually assumed. (See Judith C. Fernandez, Household Energy Use in Non-OPEC Developing Coun-
tries, The Rand Corporation, R-2515-DOE, May 1980. However, we do not attempt to estimate the
relative size of the two cross elasticities.
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income elasticities of demand, previous demand forecasts, and the methods used
in making them. Chapter 8 summarizes the models and data we have used, and our
principal results: price and income elasticities for the NOLDCs as a group, and for
several subgroups; forecasts of NOLDC oil and energy demand in 1985 and 1990;
and the scaling of these forecasts relative to world demand for both energy and oil.
Finally, Chapter 4 suggests implications for U.S. policy and for further research.



Chapter 2

BACKGROUND: PREVIOUS ESTIMATES
AND METHODS

NOLDC OIL AND ENERGY CONSUMPTION

In 1976, commercial energy consumption (including oil, gas, coal and primary
electricity) by all NOLDCs amounted to 9.3 million barrels per day (MB/D) in oil
equivalent, or about 11.5 percent of global consumption, excluding the centrally
planned economies. Oil consumption (excluding petrochemical feedstocks) by all
NOLDCs in 1976 was 5.6 MB/D, or about 14 percent of the corresponding global
figure. The NOLDCs account for a somewhat larger share of international oil
imports because they import a larger share of their consumption than do the
developed countries as a whole. In 1976, the NOLDCs accounted for 4.7 MB/D, or
15.3 percent of world imports. Oil accounted for 60 percent of all commercial energy
consumed by the NOLDCs in 1976.! Distribution of these total figures among the
upper-income, middle-income, and lower-income NOLDCs is shown in Table 1.

Table 1

ENERGY AND O1L CONSUMPTION AND IMPORTS, 1976: NoN-OPEC

LEss-DEVELOPED COUNTRIES (NOLDCs)
(MB/D oil equivalent)

Commercial
Energy 0il a 0il a
Consumer Consumption Consumption Imports

1. world® 80.5 39.2 30.6

2. Non-OPEC LDCs 9.3 (11.5%) 5.6 (14.3%) 4,7 (15.3%)
3. Upper-income NOLDCs 4.8 (6.0%) 3.7 (9.4%) 2.9 (9.6%)
4, Middle-income NOLDCs 1.8 (2.2%) 1.2 (3.1%) 1.1 (3.6%)
5. Lower-income NOLDCs 2.7 (3.3%) 0.7 (1.8%) 0.7 (2.1%)

SOURCE: World Energy Supplies, U.N. Series J, 1978. A list of the

countries in each income category is given in Table 5,

a
Shares of corresponding world total consumption or imports are
shown in parentheses. See the section on energy consumption in Chapter
3 for definitions of oil consumption and commercial energy consump-

tion. '

b
Excluding the centrally planned economies.

Among the NOLDCs, energy and oil consumption are highly concentrated. In
1976, six countries (India, Brazil, Mexico, Argentina, Korea, and Taiwan) accounted

'Figures cited are from World Energy Supplies, U.N. Series J, 1978.

3
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for 60 percent of commercial energy consumption and 46 percent of the oil con-
sumption for all NOLDCs (i.e., 124 countries) for which data are available.

PREVIOUS FORECASTS

Several forecasts, summarized in Table 2, have previously been made of future
NOLDC energy consumption. Forecasts of world consumption of oil and commer-
cial energy, reflected in the Table 2 figures for the OECD, WAES, and Eden studies,
are shown in Table 3. The income and price elasticities, on which the NOLDC
forecasts in Table 2 are based, are summarized in Table 4.

What can be concluded from these forecasts?

First, estimates of NOLDC energy consumption for 1985 range between 13.3
MB/D and 22.8 MB/D, and between 11.8 percent and 20.5 percent of global con-
sumption, compared with 11.5 percent in 1976. The median is 16.8 MB/D. For 1990,
the estimates range between 16.9 MB/D and 27.0 MB/D, and between 12.1 percent
and 21.0 percent of global consumption.

Second, forecasts of NOLDC oil consumption in 1985 range between 6.2 MB/D
and 11.4 MB/D, and between 10.9 percent and 21.4 percent of global consumption,
compared with 14.3 percent in 1976. For 1990, the corresponding figures are 10
MB/D and 13.5 MB/D, and between 15.8 percent and 24.5 percent of global
consumption.

Third, previous estimates of NOLDC income elasticities of demand for energy
vary from .40 in the short run to 1.94 in the long run. Estimates of energy price
elasticities range from —.09 in the short run to —.38 in the long run. For oil, the
NOLDC income elasticities vary between .40 in the short run and 1.86 in the long
run. Price elasticities for oil range from —.05 in the short run to —.50 in the long
run.

COMPARISON BETWEEN PREVIOUS METHODS AND THOSE
USED IN THIS STUDY

Among the studies referred to in Tables 2, 3, and 4, above, only two (by Lamber-
tini and Choe) used econometric models to estimate price and income elasticities
as a basis for their forecasts. The other studies either assumed a price elasticity or
ignored it entirely, basing their forecasts on an assumed income elasticity, usually
derived from the historical relation between growth of income and growth of
energy consumption. This income elasticity was then used to derive oil- or energy-
demand estimates by assuming a particular economic growth rate for the develop-
ing countries.

Lambertini and Choe use a lagged adjustment model, which expresses current
demand as a function of (a) current income and price and (b) demand in the immedi-
ately preceding period.2 We use a similar model in deriving the estimates reported

?See A. Lambertini, Energy and Petroleum in Non-OPEC Developing Countries, Annex II, World
Bank Staff Working Paper No. 229, Washington, D.C., 1976. A similar model has been used to estimate
energy demand in developed countries. See W. D. Nordhaus, International Studies of the Demand for
Energy, North Holland, 1977. For a further explanation and derivation of the model, see Chapter 3 and
Appendix A.
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6 DEMAND FOR OIL AND ENERGY IN DEVELOPING COUNTRIES

Table 3
Forecasts oF WorLD? OiL. AND COMMERCIAL ENERGY CONSUMPTION
(MB/D)
Source of Forecast 1980 1985 1990
011 Consumption
OECDP 49.22 | 56.44 | -
WAES 4 54.00 63.00 74
Energy Research Group (Eden) 46,56 53.05 54
Commereial Energy Consumption
OECDc 95.34 | 116.84 -
WAES 108.60 123.20 148

Energy Research Group (Eden)d 101.00 | 111.00 | 128

a . . .
Excluding communist countries.

bOrganization for Economic Cooperation and Development,
World Energy Outlook, Paris, 1977. World forecasts consist
of forecasts for OECD countries plus NOLDCs. The forecasts
are based on a reference scenario case that assumes a growth
rate of 4.3 percent in gross domestic product (GDP) until
1980 and a 4.l-percent GDP growth rate from 1981 to 1985,
for the OECD countries; 5.6-percent GDP growth rate to 1980
and a 6.1-percent GDP growth rate from 1981 to 1985, for
the NOLDCs. In addition, OECD assumed constant oil prices
in real terms at $11.51 per barrel for Arabian light crude
to 1985.

“Workshop on Alternative Energy Scenarios, Energy:
Global Prospects, 1985-2000, The M.I.T. Press, Cambridge,
Mass., 1977. Based on scenario C to year 1985: 5.2-per-
cent GDP growth rate and constant 1975 oil price at $11.50;
and on scenario C-2 from 1985 to 2000: 4-percent GDP
growth rate and energy price rising to $17.25 by the year
2000.

dR. Eden et al., World Energy Resources, 1985-2000,
World Energy Conference, 1978. Based on scenario L-4 (low
growth) with a 3.l-percent GDP growth rate and an energy
price elasticity of response of -0.3.

here, but there are several important differences between our work and the prior
studies:

1. Variations of the model specification are used, for reasons discussed in

. Chapter 3, to test the robustness of the estimates.

2. Explicit allowance is made for the separate effects of time trends and
country-specific characteristics associated with the historical data.

3. Estimates are made of the uncertainty associated with the forecasts and
elasticities.

4. Some of the variables in the model are defined and measured in alterna-
tive ways (e.g., gross domestic product is deflated and converted to dollars
by differing methods) so that comparisons can be made.
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DEMAND FOR OIL-AND ENERGY IN DEVELOPING COUNTRIES

5. A substantially larger number of developing countries are covered in the
data. (Our data set covers 77 NOLDCs, compared with the 29 used by
Lambertini and 35 by Choe.)

6. We explore the implications of these estimates for policy, as well as for
research.



Chapter 3

ANALYSIS AND ESTIMATION

METHODS AND MODELS

Our aim is to estimate price and income elasticities of demand for both energy
and oil, and to use these estimates to forecast NOLDC demand over the next
decade. '

Although we want to estimate demand, the data on energy and oil consumption
that we use in estimating the parameters represent intersections between demand
and supply schedules. Identification of a separate demand function is hindered by
the confounding of demand and supply influences that is inherent in observations
of actual consumption.

To avoid this identification problem, we make a strong assumption. During the
1967-1976 period, we assume that the NOLDC demand function (schedule) was
(relatively) stable, whereas the cartelized supply adjusted (shifted) along the stable
demand schedule. In effect, we assume that prices were set independently of
NOLDC demand. OPEC’s increasingly effective coordination of the producers’ sup-
ply and pricing policies during this period makes this assumption plausible. Succes-
sive observations of actual NOLDC consumption can now be construed as
delineating the NOLDC demand schedule, as suggested in Fig. 1.

Price per barrel, Pt

Energy (oil) consumption, Qt

Fig. 1—Hypothetical adjustment of supply
to stable demand function

The points shown in Fig. 1 represent hypothetically observed energy or oil
consumption by the NOLDCs in successive years, t. We assume that they identify
a stable demand function, D, and are randomly distributed around it, whereas the
shifting OPEC price decisions are indicated by the dotted S curves.

9



10 DEMAND FOR OIL AND ENERGY IN DEVELOPING COUNTRIES

Two behavioral relationships define the principal demand model that we use:
(1) The level of desired or potential energy demand depends on the price of energy
(oil), and on the level of economic activity (income). In accordance with standard
theory, the desired level of demand will be greater when prices are lower, and
income is higher, and conversely. (2) A period of adjustment is required (i.e., a
period in which suitable plans and operating decisions by industrial and household
consumers can be made) before actual demand can be brought to the desired level.
Consequently, the response of energy (oil) demand to changes in prices and income
will be more limited in the short run than in the longer run.

By combining these two relationships, we obtain the first model:*

_ a B \1-A A
Qi,t_ao(Yi,tPi,t) Qg @

= energy (or oil) demand (in millions of barrels of oil)

gross domestic product (in constant units),

energy prices (in constant units),

1,2, ...,77 (non-OPEC less-developed countries),

1967, ... ,1976,

is a geometric adjustment lag, (1 > A 2 0). (A low value for A im-
plies that actual demand adjusts rapidly to income and price changes
and, hence, that desired demand is realized quickly; the converse is
implied as X\ approaches unity.)

[

> o = UKD
I

The parameters a and 8 are, respectively, the long-run income and price elasticities
of demand, which take effect as adjustment is made to changes in income and
prices. The corresponding short-run elasticities, which persist until the adjustment
is realized, are a(1 — A) and B(1 — A), respectively. The lag parameter, A, and the
short-run elasticities are estimated from the econometric model by ordinary least
squares. By dividing the short-run elasticities by (1 — A), we obtain the long-run
income and price responses, a and 8, respectively.

Model (1) is the most familiar and frequently used method for estimating the
response of energy demand to price and income changes.2 Despite the frequency of
its use, however, the model presents a number of complications, both theoretical
and empirical. One empirical complication is due to the various options that exist
for measuring the variables of the model, either because of the latitude allowed by
the theory or because of the limitations of the data, or for both reasons. These
measurement options, and how they are managed in our statistical work, will be
discussed below.

A theoretical shortcoming of model (1) lies in the lag adjustment process that
it entails.® Specifically, the model assumes that the time lag, (1 — A), for energy
demand to adjust to its desired level will be exactly the same as that required for
changes in income and in price. Yet this seems counterfactual. For industrial users

Derivation of the model is summarized in Appendix A.

2See W. D. Nordhaus, International Studies of the Demand for Energy, North Holland, 1977; A.
Lambertini, Energy and Petroleum in Non-OPEC Developing Countries, the World Bank, 1976; and B.
dJ. Choe, Energy Demand Prospects in Non-OPEC Developing Countries, the World Bank, 1978.

3We are indebted to Michael Kennedy for emphasizing and clarifying this point.



ANALYSIS AND ESTIMATION 11

especially, it would seem more reasonable to assume that it will take longer to
adjust to changes in energy or oil prices than to adjust to changes in the level of
economic activity (i.e., in income). Income changes will usually generate quick
responses in energy demand because income changes imply concurrent changes in
employment and capital utilization, which, in turn, determine energy demand.
Price changes, by contrast, are likely to have a delayed effect on energy demand
because the existing capital equipment of industrial users tends to “lock” them into
a specific pattern of energy demand, if the levels of economic activity and capital
utilization are held constant. Until the capital stock is altered—through
depreciation, modification, and replacement—energy demand will probably be
little affected by price changes independent of income changes.

To take account of this shortcoming, we modify model (1) so that the adjustment
of actual demand to desired energy demand is assumed to take place almost
immediately in the case of income changes, but the lag structure of the model is
retained for price changes. Model (2a) is one way of interpreting this point.

In model (2a), the ratio between current energy demand and current income
raised to the power a is expressed as a lagged function of price, and of a lagged
relationship between energy consumption and income in the preceding period:

Q, -

it (Pg )1 MQ g \A
(¢ 0 i,t [4]

Y Y., .

it it-

or (2a)

_ B \i-n_a A ~aA
Q™3 (Pi,t> Y1 Q1Y i1

’

In our empirical work, we chose not to fit the second model as written, but to
fit the more general model instead:

_ B \1-A A ay g
Q= ao(Pi,t) Q gy Vig Y, -1 @)

This was done primarily for computational reasons. We want to estimate model
parameters by ordinary least squares. However, although both models (1) and (2)
are linear in the logarithms of the variables, the original (2a) version of model (2)
imposes the following constraint:

a, = —a,A.

Estimating parameters with such a constraint requires cumbersome nonlinear
least-squares computations, which we wish to avoid.
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Four questions about these models deserve comment: (1) Should energy de-
mand (Q) and economic activity levels (Y) be measured in per capita or aggregate
terms? (2) How should particular variables be defined in light of alternative ex-
change rates and price deflators? (3) Should country-specific dummy variables be
included in the models? (4) Should allowance be made for the independent effects
of time trends associated with the historical data?

Per Capita and Aggregate Variables

One would expect per capita energy consumption or per capita oil consumption
to be relatively more stable than aggregate consumption. But forecasts using per
capita models require separate population projections and may therefore be less
accurate for estimating total consumption.t We therefore retain both types of
dependent variables, and report their predictions separately.

Defining and Measuring the Variables

A number of problems are presented by the data, such as those pertaining to
availability, reliability, consistency among different sources, and comparability
among countries. These problems will be addressed in the discussion under “The
Data Set,” below. The particular problem of defining and measuring exchange rate
conversions should be noted here.

Income and price variables present familiar problems. We would like to employ
an income measure that accurately reflects the real (i.e., price adjusted) level of
economic activity across countries and over time. However, currency devaluations
create large discontinuities when national products or prices are converted from
local currencies to dollars—discontinuities that do not reflect changes in the real
terms. We tried many alternative methods to deal with this problem, favoring two
in particular:

1. Converting local currency to U.S. dollars by using the given year’s local
exchange rate and then using the U.S. consumer price index (CPI) to
translate back to 1970 dollars.

2. Adjusting local currencies back to 1970 dollars by using local price defla-
tors and alternative estimates of the appropriate exchange rate. Qur pre-
ferred estimate of the latter is the 3-year average for 1969, 1970, and 1971.
In fact, our estimates were insensitive to the alternatives tried.

Country-Specific Dummy Variables

We investigated the need for country-specific indexing parameters because the
relationship between consumption and price and income, although less predictable

‘However, one of our reviewers, Michael Kennedy, advances the (arguable) proposition that popula-
tion forecasts are likely to be more accurate than income forecasts, and hence per capita estimates might
be preferable on this ground.
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across countries, is more likely to be stable within countries from year to year.
(Evidence of this stability can be obtained by examining residual plots from regres-
sions that include only price and income; residuals for each country tend to be
clumped and to be either all positive or all negative.)

There are two way$ to index consumption levels. One is to enter energy or oil
demand (consumption) in the previous time period as an independent variable,
(Q;..)- In that case, the stability of consumption within countries from year to year
would imply that the coefficient on previous consumption would be close to unity.
The malady with the residuals, noted above, would therefore be cured. However,
such a coefficient implies n-year forecast variances roughly equal to n times a single
vear’s variance. Hence, the width of prediction intervals grows quickly as the
prediction period lengthens.

A second alternative is to enter country-specific dummy variables into the
model’s specification. This procedure adds many parameters to the model, each
estimated with considerable uncertainty, and yields highly uncertain forecasts. So,
neither alternative is without pitfalls.

Entering dummy variables for each country is tantamount to subtracting coun-
try-specific means from each variable. Essentially, one obtains the coefficients on
price, income, and lagged consumption by performing an ordinary linear regression
directly on these normalized series, which implies that the variables have been
purged of cross-country explanatory information. (For example, the fact that Ar-
gentina is a larger consumer of oil than Egypt is discarded for the purposes of
estimating price and income coefficients, and all that remains is the time variation
of series within countries.) This procedure is reasonable if price and income are
correlated with important omitted variables that are constant within countries,
e.g., historical dependence on oil consumption. Such effects are controlled by the
inclusion of dummy variables, and the resulting normalized regressions more accu-
rately reflect what happens when all other variables are held constant.s

We include the results for the models with and without dummy variables
because of their statistical significance and the contrasting predictions that result.

Time Trends

Preliminary analysis of the 1967-1976 data confirmed the existence of a time-
related influence on energy consumption, independent of the price and income
variables in the models. To allow for the separate effect of time, we have included
a time variable in those models that use the country dummy variables. We have
not included the time variable in the models without country dummies for several
reasons. One is to facilitate comparison between our results and those of other
studies that did not use either country dummies or time-trend variables.

Also, preliminary data analysis in which the models were used without dummy

%0n the other hand, if price and income are not correlated with important omitted variables that
remain constant within countries, then the inclusion of dummy variables has less merit. Moreover,
country-specific influences that are uncorrelated with price and income are already captured by the
lagged energy demand variable, Q,_,, in the models. Consequently, there is a tension between including
both the country-specific dummy variables and the lagged energy variables for each country. The
dummies tend to drain the lagged variable, Q,_;, of the country-specific effects it would otherwise reflect.

8See Lambertini, op. cit.
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variables indicated that inclusion of the time variable either reversed the predicted
signs of the price or income coefficients or generated statistically insignificant
coefficients. Evidently, the effect of time in the models without dummy variables
is more fully reflected in the lagged energy consumption variable, Q,,_,, than is the
case in the models with dummy variables.

THE DATA SET

Here we will describe (a) the data that we used for our estimates and forecasts,
(b) the final form of each of the variables used, and (c) the modifications that we
made in the published data series. Finally, we will list the countries used in the
sample.

Oil Price Data

Reliable data on energy prices are not readily available for each of the
NOLDCs. Even data on oil prices paid by the NOLDCs are subject to question for
many reasons. Spot prices differ from contract prices, and contract prices differ
according to their time horizon. Some NOLDCs may receive rebates, or concession-
al financial aid from suppliers to offset a portion of price increases charged in
international markets. Such special arrangements are typically not ascertainable
from published sources. Furthermore, NOLDC governments may apply subsidies
or taxes on oil, or on other energy sources, for their own policy reasons. Hence, the
prices to which industrial and household users respond may differ from prices
charged on international markets.

We have not found a satisfactory way of dealing with many of the data prob-
lems relating to the price variable in the models. Instead, we were obliged to make
several simplifying assumptions and to adopt two alternative measures for this
variable.

The first alternative adopted was the price of Saudi Arabian light crude, 34°
f.o.b. Ras Tanura, as a general indicator of the international oil price (P,) for the
time period, t = 1967, ..., 1976. We converted the series to 1970 U.S. dollars by
using the World Import Price Index (WIPI); this conversion resulted in the adjusted
price, P,. The following data were used in this adjustment:

0il Price in Current 0il Price in Constant
Year U.S. Dollars (Pt) wipr® U.S. Dollars (Pé)
1967 1.30 94 1.382
1968 1.30 97 1.340
1969 1.30 102 1.274
1970 1.30 100 1.300
1971 1.65 95 1.736
1972 1.90 99 1.919
1973 2.70 139 1.942
1974 9.76 199 4,904
1975 10.72 215 4,986
1976 11.51 217 5.304

8Data were derived from International Monetary Fund (IMF),
International Financial Statistice (various issues, 1974-
1978).
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Deflation by the WIPI means that P; measures changes in oil prices relative to
changes in prices of other imports. This deflation has the effect of damping some-
what the large increase in oil prices of 1973-1974 that would be manifest if, for
example, the U.S. consumer price index had been used as the deflator.

A second price measure, (P,,), was also used to reflect the sometimes differing
oil import price actually paid by each individual country. This measure consists of
the ratio between the value and the quantity of oil and other energy imports.” The
U.N. trade data show the cost, insurance, and freight (CIF) value of energy imports
in current U.S. dollars, and the quantity of imports in barrels of oil equivalent.’
Value and quantity data are only available for 23 of the 77 countries in our entire
sample (see below).®

We converted P,, to 1970 dollars by using the U.S. consumer price index (CPI),,:

P i,t = Pi,t/CPIus,t ’
where P,, = oil import price for country, i, at time, t, in U.S. dollars, and CPL,, =
U.S. consumer price index.

Gross Domestic Product

As noted earlier, the theory implies that energy demand should respond to
changes in the real level of economic activity. We therefore want a measure for this
variable that will be reasonably comparable across countries and over time.
Toward this end, gross domestic product, Y, is expressed in 1970 U.S. dollars for
every sample country and time period from 1967 through 1976.

We estimated the variable Y in two ways: (1) We changed the gross domestic
product (GDP) from current local currency prices into 1970 currency units via the
local GDP price deflator, or consumer price index, and then converted them to 1970
U.S. dollars with the average 1969-1971 exchange rates:

Y, = [GDP,/DEF,)/[(Ei + Ey + E7)/3].

(2) We converted the GDP to U.S. dollars by using each year’s exchange rate, E,,
and then deflated them to 1970 U.S. dollars by using the U.S. consumer price index:

Y, = (GDP,/E,)/CPL,,

"As reported by the U.N. International Trade Statistics Yearbook, various issues 1975, 1976; herein-
after referred to as the U.N. Statistical Yearbook. '

8The quantity of oil imports was converted from the original figures, which were expressed in metric
tons of oil equivalent.

For the countries without the “own-price” (P,,) data, we continued to use the Ras Tanura (P figures.
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where GDP,, = GDP in local currency for country, i, at time, t.1
E;. = local currency/dollar exchange rate,
DEF,, = GDP price deflator when available, otherwise CPI,,,
CPIL,, = U.S. CPI at time, t.

The alternative measures, Y and Y’, were employed in both aggregate and per
capita terms in the analysis.

Energy Consumption

Total energy consumption (Q,) was derived from data on final consumption of
coal, lignite, petroleum products, natural gas, hydroelectricity, and nuclear elec-
tricity, as reported in the U.N. Statistical Yearbook.!: We converted all energy
sources to barrels of oil equivalent by using conversion factors from the World Oil
Industry, British Petroleum Statistical Review, 1975, and from the WAES report.

Consumption of oil and oil products, Q;,, as distinct from total energy consump-
tion, was calculated as follows:

Q/, = indigenous oil production + imports — oil exports — bunkers
, P - imp p
(in millions of barrels of oil).1

Q. and Q; were measured both in gross and per capita terms.

In 1976, oil consumption by the 77 countries included in our data set accounted
for 78.6 percent, or 4.4 MB/D, of total oil consumption (5.6 MB/D) by all 124
non-OPEC less-developed countries.

Sample Countries

The 77 NOLDCs in our sample are listed by region in Table 5. The numbers
indicate whether the country belongs to the upper-income (1), medium-income (2),
or lower-income (3) level, according to the World Bank’s categories.* The 23
countries, for which the “own price” measure (P}}) could be calculated, are indicated
by an asterisk (*).

Although some values are missing from the data set, the raw data have been
adjusted to make them as nearly comparable as possible. They can also be updated

- by the methods described above.

YGNP data, instead of GDP, were used for the following countries: Burundi, Central African Repub-
lic, Chad, Congo, Mali, Mauritania, Niger, Somalia, Upper Volta, Bahrain, Yemen Democratic Republic,
and Afghanistan. (See the U.N. Statistical Yearbook -and the International Monetary Fund, Internation-
al Financial Statistics, various issues, 1974-1978.)

'The measure of energy consumption that we use thus refers to delivered energy (energy delivered
to the final consumer) rather than to primary energy (the energy content of fuels before they are
processed or converted). Typically, primary energy is about 5 to 7 percent greater than delivered energy
for the less-developed countries.

12Workshop on Alternative Energy Scenarios, Energy: Global Prospects, 1985-2000, 1977, pp. 10, 11.

13The data are taken from World Energy Supplies, U.N, Series J, 1976, 1977, 1978. In this
data series, indigenous production plus imports already includes bunkers.

4L ambertini, op. cit. Taiwan has been included in our NOLDC data set even though it is omitted from
the UN sources. As an energy consumer, it ranks among the 6 largest of the 77 countries. As defined
by the World Bank, annual per capita income (in 1972 dollars) is below $200 for lower-income countries,
between $200 and $375 for medium-income countries, and above $375 for upper-income countries.
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18 DEMAND FOR OIL AND ENERGY IN DEVELOPING COUNTRIES

Notwithstanding its manifest shortcomings, the combined cross-section and
time-series data set for the 77 NOLDCs, covering all the previously mentioned
variables, deflations, conversions, and other adjustments, is a unique and valuable
product of this study.

ESTIMATION OF INCOME AND PRICE ELASTICITIES

We will now describe the results that we obtained by fitting the linear regres-
sion models, described earlier, to the logarithms of 0il consumption and total energy
consumption for the 1967-1976 period. As discussed under “Methods and Models”
at the beginning of this chapter, the models were varied along several dimensions:
country groupings; the different speeds with which consumption (demand) adjusts
to income changes; differing definitions of variables; etc. Table 6 lists these dimen-
sions and identifies the various combinations employed in the regressions. Appen-
dix B contains the complete set of regression equations, t-statistics, and measures
of fit corresponding to those combinations.

Table 6

DiMENSIONS OF VARIATION IN REGRESSION MODEL

Dimension Description
1. Country groupings a. All 77 NOLDCs
b. New industrial countries (Argentina,

Brazil, Korea, Mexico, Taiwan)

c. High-income countries (n = 28)
d. Middle-income countries (n = 19)
e. Low-income countries (n = 30)
f. Countries for which actual ("own')
price data were available (n = 23)
2. Speed of adjustment to income a. Delayed (model 1)
changes b. Immediate (model 2)

3. Country-specific dummy variables | a. Absent
b. Included

4, Definitions of variables a. Price defined two ways: deflated Ras
Tanura; or "own price,' if available
(see text discussion under '0il Price
Data') ]

b. GDP defined two ways: converted to U.S.
dollars and then deflated; or deflated
and then converted to dollars (see text
discussion under '"Gross Domestic Prod-
uct")

c. Demand (consumption defined two ways:
0il consumption; and total energy con-
sumption)

5. Per capita or aggregate a. Consumption and GDP divided by population
b. Aggregate consumption and aggregate GDP

6. Time trend variable a. Absent (in models without country dummy
variables)
b. Included (in models with country dummies)
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Tables 7 and 8 summarize the range of coefficient values, and the associated
ranges of short-, medium-, and long-run income and price elasticities of demand for
oil, and for all commercial energy sources, covering the entire group of 77 NOLDCs
in our data set. Appendix C shows the corresponding results (pertaining to oil
demand only) for several subsets of these countries: high-income, medium-income,
and low-income NOLDCs; five of the “new industrial countries” (Brazil, Mexico,
Argentina, Korea, and Taiwan); and the 23 NOLDCs for which country-specific
(“own”) price data are available on oil import prices.

Several points about Tables 7 and 8 are worth noting:

1. The range spanned by the income and price elasticities is extraordinarily
wide. For example, short-run income elasticities of demand for oil differ by a factor
of 3[0.017 is the minimum value for model (1) and 0.059 is the maximum, without
country dummy variables], depending on which combination of the various dimen-
sions listed in Table 4 is used. For the model with country dummies and with the
time trend variable, the range is even wider: the minimum short-run income elas-
ticity is 0.012 and the maximum is .226.

For the price elasticities shown in Table 8, the range of the estimates is narrow-
er: between —0.037 and —0.081 for the short-run price elasticities of demand for
oil. Thus, the range of our elasticity estimates is much wider than that reported in
previous work. (See Table 3, above.) This difference is explained (a) by the numer-
ous dimensions over which we tested model variations (see Table 6) and (b) by the
several types of elasticity measures for which results are reported (see point 3,
below).

2. Our estimates also show income elasticities of demand for oil that are
considerably lower than those estimated in previous studies, although our price
elasticities are similar to previous estimates. The range of our income elasticities
is between 0.012 and 0.246 in the short-run, whereas previous estimates ranged
between 0.40 and 1.19. For the long-run (1990), our income elasticities range be-
tween 0.024 and 0.663; those of previous studies varied between 0.32 and 1.86. Our
estimates of price elasticities of demand for oil are between —.037 and —.081 in the
short-run, compared with previous estimates, which were between —.05 and —.11.
And our long-run (1990) price elasticity estimates vary between —.089 and —.761,
compared with those of previous studies, which were between —.13 and —.50. (See
Table 3, above.)

3. The apparently simple question “What is the income (or price) elasticity
of demand for oil or energy in the NOLDCs?” admits of neither a simple nor a
singular answer. The answer depends on the type of elasticity that one is interested
in, especially the time horizon of the elasticity. Tables 7 and 8 show four types that
are defined more precisely in the footnotes accompanying the tables: short-run,
medium-run, and long-run elasticities,’® and the elasticities realized by 1990. The
spread of our estimates across these four types of elasticities is very large for any
specific model and combination of other special variations. Even when country

"Moreover, the “long-run” may be very long, as well as widely variable in duration. For example,
when the lag factor, A, in models (1) and (2) is less than .8, more than 90 percent of the total “long-run”
adjustment of demand to price and income changes will take place within 10 years. But when, as in many
of our regression estimates, the estimate for A rises above .9, a period longer than 30 or 40 years would
be required to realize the bulk of the theoretically predicted “long-run” adjustment of demand! (See
Appendix D for a fuller treatment of this problem.)
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22 DEMAND FOR OIL AND ENERGY IN DEVELOPING COUNTRIES

dummy variables, which tend to reduce the range of the coefficients, are present
in the regressions, the spread often covers a factor of five or more across the four
types of elasticities.

4. Tables 7 and 8 show the important effects of country dummy variables on
the results. When dummy variables are omitted, relatively large coefficients on the
lagged variables for oil or energy consumption result (i.e., A> .9), thereby generat-
ing extremely high long-term price and income elasticities, for reasons described
earlier. (See the discussion under ‘“Methods and Models,” above.)

For the other country groupings, the estimated range of price and income
elasticities for oil demand is shown in Appendix C. With only minor exceptions, the
coefficients for these groupings show a pattern similar to that of the all-country
category. When the coefficients for the country subcategories are significantly
different from zero, they have the same (predicted) signs as the corresponding
coefficients for the all-country regressions. Income elasticities tend to be slightly
higher for middle-income countries than for the other groupings, whereas for the
higher-income countries, the price elasticities tend to be slightly lower. The abso-
lute magnitudes of long-run elasticities, for both income and price, are somewhat
lower for the country subgroupings than for the 77 NOLDCs because the coeffi-
cients on lagged consumption tend to be smaller.

FORECASTS OF OIL DEMAND, 1980-1990

Forecasts for the oil demand of all NOLDCs were made through 1990 for each
of the model variations described above. For reasons already mentioned, we
thought it especially important to record forecast uncertainties. This practice has
not been followed in the previous work on energy demand in NOLDCs referred to
in Chapter 2.

The uncertainties we report arise from the randomness of future data, as well
as from the discrepancies between estimated and true values of population parame-
ters (i.e., the errors in the regression coefficients of the independent variables.)®
Demand forecasts are reported both with and without dummy variables because
of (a) the statistical significance of the two sets of results and (b) the contrasting
predictions they provide.”

The statistical procedures required to make the point forecasts for the NOLDCs
are simple: (1) We assume particular growth patterns (“scenarios”) for price, in-
come, and population through 1990. (2) We assume a constant population growth
rate of 2.7 percent per year, but we vary prices (by a 3-percent and 5-percent
increase per year) and income (by a 3-, 5-, and 7-percent increase per year).? (3) We
include a time variable, which assumes values between 1 and 14 (for 1976-1990), in
the regressions with country dummy variables. (See the discussion of time trends

16The standard errors of the forecasts, together with the mean valuer, are shown in Tables 9 and 10
on pages 24 and 26.

"Statistical tests were conducted on the importance of country-specific dummy variables. They
appear to be statistically significant in all cases, yielding F-statistics beyond the 0.001 significance level.

8These numbers were chosen to provide comparability with the forecasts of Choe, op cit.
Assuming a 1979 oil price of $18 per barrel, annual increases of 3 percent and 5 percent would
lead to 1990 oil prices of $25 and $31 per barrel, respectively, in constant 1979 dollars.



ANALYSIS AND ESTIMATION 23

earlier in this chapter.) (4) Using the regression equations and data up to the
present (i.e., 1976), we predict demand a single year in advance. We can then use
this forecast to predict the next year’s value, and so on. The procedure, known as
“chain forecasting,” is a standard method of time series analysis.

The forecasts are initially obtained in logarithmic units; they are exponentiat-
ed, corrected for bias in the standard manner,* and summed over countries to yield
estimated totals. The standard errors of the estimated totals are easily computed,
since the forecasts are simply sums of independent lognormal random variables. In
reporting confidence intervals below, we assume that the estimated totals have an
approximate lognormal distribution.

Table 9, based on the regression coefficients in Appendix B, shows the oil
demand predictions for 1980, 1985, and 1990 under two of the growth scenarios
described above: one assumes a slow income growth in the NOLDCs of 3 percent
and a rapid oil price increase of 5 percent annually; the other assumes a rapid
income growth of 7 percent and a slow price increase of 3 percent annually.®
Forecasts for the other combinations of income growth and price growth are shown
in Appendix Tables B.3, B.4, and B.5. The data in our sample cover 77 out of a total
of 124 NOLDCs. Since the 77 countries accounted for 79 percent, or 4.4 MB/D, of
oil consumption by all NOLDCs in 1976, the figures shown in Table 9 have been
scaled proportionally upward (multiplied by 1.27) to represent corresponding
predictions for all NOLDCs.

There are several sources of variation in our 1990 oil demand forecasts: (1)
differing scenarios pertaining to income growth and price growth; (2) differing
model forms; (3) differing definitions of variables; and (4) forecast standard errors.
These sources interact with one another. For models without dummy variables, the
scenarios with rapid (7 percent) income and slow (3 percent) price growth differ
substantially from the scenarios with slow (3 percent) income and rapid (5 percent)
price growth—i.e., by 43 percent. For the models that have dummy variables,
the differing growth scenarios have a smaller effect on the forecasts: 34 percent.
Per capita models with dummy variables yield slightly higher forecasts than aggre-
gate models with dummy variables; but when dummy variables are absent, the
forecasts for per capita models and aggregate models are about the same.

Forecast standard errors are large (about 15 percent) for models without dum-
my variables and small (about 5 percent) for those with dummy variables; this
implies 95-percent probability intervals that vary by about 30 percent and 10
percent of the forecast values, respectively. Consequently, greater confidence
should be placed in the forecasts that use country dummies. As explained earlier,
these are also the forecasts that make specific allowance for the effect of time on
oil and energy consumption.

Differences in the definition of income and price variables provide another
source of substantial variation in the forecasts. The mean values of the forecasts
may change by more than 53 percent when variable definitions change while
scenarios and model forms are held constant. For example, in the 7-percent-income-
growth, 3-percent-price-growth scenario, with dummy variables included, Table 9

9If log y has a normal distribution, mean U, and variance V, E(y) = exp (U + .5V).
20We selected these two scenarios from the six income-and-price combinations described in the text
because we believe that they cover the most policy-relevant cases.
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shows a 1990 forecast for a single model [model (2)] that varies by 23 percent
(between 14.20 and 17.45 MB/D) as a result of changes in definition of the variables.
By contrast, the two model variations that we employed had a much more limited
effect on the forecasts: For example, with dummy variables excluded and the in-
come-and-price scenario held constant, the maximum difference between the fore-
casts of model (1) and model (2) is only 5 percent [7.83 MB/D in the aggregate
version of model (1) versus 8.24 MB/D in the aggregate version of model (2)] when
the definition of variables is unchanged.

Table 9 also shows that the 1990 forecasts for models with country dummies are
50- to 60-percent higher than those for the corresponding models without the dum-
my variables. This difference is principally explained by the inclusion of the time-
trend variable in the former case. The time-trend variable has the effect of adding
between 2.3 percent and 4.3 percent annually to the forecasts, independent of the
effects of price and income changes. A further effect of this variable is to reduce
the income elasticities and raise the (negative) price elasticities from their values
in the regressions without dummy variables. (See Tables 7 and 8 above.)

These observations suggest the substantial uncertainty that exists about 1990
oil demand. Price and income growth prospects in the NOLDCs are quite unclear,
yet they have potentially large effects on what will occur. Uncertainty also arises
from the possible choices among model specification and variable definitions; the
1990 forecasts resulting from these choices vary considerably.

A basic implication of these results is that policy formulation should take this
uncertainty explicitly into account, a point to which we will return later.

SIZING THE DEMAND FORECASTS

How large will the energy demand of the NOLDCs be in the next decade and
how significantly will it affect the world energy market?

The question is, to paraphrase Churchill, a riddle wrapped in an enigma. Sev-
eral types of uncertainty becloud the answer: (a) uncertainty relating to the models,
variables, and data that are endogenous to the forecasting methodology itself; (b)
uncertainty relating to the economic growth and price scenarios that are assumed
to confront the NOLDCs independently of the forecasting methodology; and (c)
uncertainty concerning the size and characteristics of world energy demand, of
which NOLDC demand will be a part.

The results of these nested uncertainties are summarized in Table 10 for the
7-percent income growth and 3-percent oil price increase scenario, and for the
3-percent income growth and 5-percent price increase scenario.

Panel A in Table 10 shows how the standard errors associated with each model
variation affect the forecasts when the definition of variables is held constant.
Panel B shows the effect on the mean value of the forecasts when the definition of
variables is changed without allowing for standard errors.

Table 10 may be clarified by an explanation of several points:

1. The first three columns embrace the uncertainties referred to in comment
(a) directly above; columns (4) and (5) reflect comment (b); the re-
mainder of the table reflects uncertainties referred to in comment (c),
above.
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Table 10

PERCENTAGE RANGE oF NOLDC OirL DEMAND FORECASTS

(1 (2) (3) Range of Forecasts and
Growth Rates Share of World® Demand
(%) for 1990
Country Dependent (4) (5 (6) 7 (8)
Dummy Adjustment to | Variable Percent | Percent
Variables | Income Change Form GDP Price MB/D (WAES) (Eden)
A. Range Due to Forecast Standard Errors

Absent Delayed; Aggregate 3 5 7.07- 9.61 10-13 13-18
model (1) 7 3 8.93~12.14 12-16 17-23

Per capita 3 5 6.81- 9.06 9-12 13-17

7 3 9.57-12.73 13-17 18-24

Immediate; Aggregate 3 5 6.75~ 9.07 9-12 13-17

model (2) 7 3 9.02-12.11 | 12-16 17-22

Per capita 3 5 6.54~8.66 9-12 12-16

7 3 9.38-12.41 13-17 17-23

Present Delayed; Aggregate 3 5 12.47-13.57 17-18 23-25
model (1) 7 3 14.35-15.61 19-21 27-29

Per capita 3 5 12.81-13.92 17-19 24-26

7 3 15.01-16.31 20-22 28-30

Immediate; Aggregate 3 5 12.81-13.92 17-19 24-26

model (2) 7 3 14.39-15.65 19-21 27-29

Per capita 3 5 13.31-14.46 18-19 25-27

7 3 15.07-16.36 20-22 28-30

B. Range Due to Definition of Variables

Absent Delayed; Aggregate 3 5 6.33- 8.24 9-11 12-15
model (1) 7 3 7.89-10.41 | 11-14 15-19

Per capita 3 5 6.13- 7.85 8-11 11-15

7 3 7.76-11.04 10-15 14-20

Immediate; Aggregate 3 5 6.03- 7.83 8-11 11-15

model (2) 7 3 7.71-10.45 10-14 14-19

Per capita 3 5 5.73- 7.53 8-10 11-14

7 3 7.47-10.79 10-15 14-20

Present Delayed; Aggregate 3 5 13.01-14.75 18-20 24-27
model (1) 7 3 13.98-16.51 19-22 2§-3l

Per capita 3 5 13.35-15.27 18-21 25-28

7 3 14.57-17.31 20-23 27-32

Immediate; Aggregate 3 5 13.25-14.64 18-20 25-27

model (2) 7 3 13.59-16.60 18-22 25-31

Per capita 3 5 13.68-15.24 18-21 25-28

7 3 14.20-17.45 19-24 26-32

NOTE: Projections assume a steady population increase of 2.7 percent per year, and

percentage rates of GDP growth and price growth as indicated.

The figures under the

columns labeled "WAES" and "Eden" show our NOLDC forecasts as a percentage of the 1990
world oil consumption estimates made in those studies (see Table 3, above).

aExcluding centrally planned economies.

b . .
OECD did not make a forecast of NOLDC demand in 1990 (see Table 3, above).
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2. Table 10 presents the results of our study in a form that roughly parallels
the results of the other studies referenced in Table 2, above. Tables 10 and
2 can thus be usefully examined together.

3. In Panel B of Table 10, columns (7) and (8) show NOLDC oil demand for
1990 as a percentage of the world oil demand forecasted in the WAES and
Eden studies cited in Table 2. For example, in 1990, NOLDC oil demand—
which we forecast as being between 5.73 MB/D and 17.45 MB/D* —may
be as small a share of world oil demand as 8.0 percent, and as large a share
as 32.2 percent, if we assume the high (74 MB/D) WAES estimate of world
oil consumption in calculating the minimum NOLDC share, and the low
(54 MB/D) Eden estimate in calculating the maximum NOLDC share. The
range of the NOLDC share in world demand narrows if the reverse
assumption is made: 10.6 percent if world demand is assumed to be low
when NOLDC demand is low; and 23.5 percent if world oil demand is
assumed to be high when NOLDC demand is high. (See Table 3, above.)
The previous forecasts, shown in Table 2, span a much narrower
range—between 18.2 percent and 24.5 percent—because the types of
uncertainty encompassed by these earlier studies are considerably more
restricted than those we have addressed. (Note that our forecasted market
shares for 1990 compare with the actual NOLDC share of world oil
consumption in 1976 of 14.3 percent; see Table 1, above.)

4. If our NOLDC forecasts were expressed as a fraction of world imports of
oil, rather than world oil consumption, the magnitudes would be larger:
between 8.3 percent and 34.6 percent (assuming that the 1976 relation-
ships between oil imports and oil consumption still prevail in 1990). The
reason, as suggested by Table 1, above, is that virtually all NOLDC oil
consumption is imported, whereas only three-quarters of world oil con-
sumption is imported.

Table 10 can be simplified by confining the NOLDC growth and price scenarios
in columns (4) and (5) to a single case. This is done in Table 11, which shows the
NOLDC share of world oil demand in the 1980-1990 period for the scenario that is
perhaps the most reasonable one: an annual economic growth in the NOLDCs of
5 percent (aggregate and per capita), and oil-price increases at the same rate. For
the central scenario shown in Table 11, NOLDC oil demand in 1990—which we
forecast as being between 6.10 MB/D and 16.03 MB/D—may be as small a fraction
of forecasted world oil demand as 8.0 percent, and as large a fraction as 30.0
percent.

Finally, we want to size our forecasts of NOLDC oil demand in relation to those
made by the World Bank (Lambertini-Gordian) study of 1976.2 For this purpose,
we use the same growth and price scenarios that were assumed by Lambertini
(namely, NOLDC growth rates of 5 percent annually, and a constant real price of

21As noted in the text, forecast standard errors would add between 10 percent and 30 percent to this
range.

2Gordian Associates, Requirements for Financing Energy Development in Non-OPEC Less-Devel-
oped Countries Through 1990, 1976. The later World Bank study by Choe dealt with total energy
demand, without making separate estimates for oil.
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Table 11
PerCENTAGE RANGE oF NOLDC O1L DEMAND Forgcasts: CENTRAL CASE SCENARIO
(1) (2) (3) Range of Forecasts and
Growth Rates Share of WorldabDemand
% for 1990
Country Dependent 4y (5) (6) 7) (8)
Dummy Adjustment to | Variable Percent | Percent
Variables | Income Change Form GDP Price MB/D (WAES) (Eden)
A. Range Due to Forecast Standard Errors
Absent Delayed; Aggregate 5 5 7.57-10.29 10-14 14-19
model (1) Per capita 5 5 7.73-10.28 10-14 14-19
Immediate; Aggregate 5 5 7.47-10.04 10-14 14-19
model (2) Per capita 5 5 7.53~- 9.97 10-13 14-18
Present Delayed; Aggregate 5 5 13.22-14.38 18-19 25-27
model (1) Per capita 5 5 13.71-14.90 18-20 25-28
Immediate; Aggregate 5 5 13.42-14.58 18-20 25-27
model (2) Per capita 5 5 14.00-15.20 19-20 26-28
B. Range Due to Definition of Variables
Absent Delayed; Aggregate 5 5 6.59- 8.83 9-12 12-16
model (1) Per capita 5 5 6.43- 8.92 9-12 12-17
Immediate; Aggregate 5 5 6.36- 8.66 9-12 12-16
model (2) Per capita 5 5 6.10~ 8.66 8-12 11-16
Present Delayed; Aggregate 5 5 13.51-15.07 18-20 25-28
model (1) Per capita 5 5 13.99-15.66 19-21 26-29
Immediate; Aggregate 5 5 13.24-15.32 18-21 25-28
model (2) Per capita 5 5 13.76-16.03 19-22 26-30
NOTE: Projections assume a steady population increase of 2.7 percent per year, and

percentage rates of GDP growth and price growth as indicated.

aExcluding centrally planned economies.

b

OECD did not make a forecast of NOLDC demand in 1990. (See Table 3, above.)

oil in the world market). For the comparison, we use the version of our model
corresponding to that used by Lambertini: country dummy variables are absent;
adjustment to income changes is assumed to be long-term [hence, model (1) is used];
and oil demand is expressed in per capita, rather than aggregate, terms.

The comparison between our forecasts and those of Lambertini-Gordian are
summarized in Table 12. As Table 12 indicates, the two sets of forecasts are remark-
ably similar in one respect, and significantly different in another. The mean values
of our forecasts for each year—1980, 1985, and 1990—differ by less than 10 percent
from the World Bank estimates. However, our estimates show a range of uncertain-
ty between the upper and lower forecasts in each year that rises from 30 percent
in 1980 to 52 percent in 1985, and reaches 77 percent in 1990. Of course, when the
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other growth/price scenarios are taken into account, as well as the other variations
in the models and variables that we have used, the range of our forecasts diverges
substantially from the World Bank estimates.



Chapter 4
IMPLICATIONS AND CONCLUSIONS

Our principal forecasts of NOLDC oil consumption, compared with those of
other studies, are summarized in Table 13. As noted earlier, the figures shown in
Table 13 reflect the numerous scenarios of income growth and oil price increases
that we have examined, as well as the other variations in our estimation methods.
If, instead, we focus on a single scenario that is perhaps the most reasonable and
likely case—namely, one involving an assumed NOLDC growth rate of 5 percent

Table 13

ForecasTs oF AMOUNTS AND SHARES oF NOLDC O1. CoNSUMPTION IN 1990

Amounts and Shares

NOLDC 0il Consumption in 1990 Rand Forecasts Previous Forecasts

Total 0il consumption 5.7-17.4 ¥MB/D 10.0-13.5 MB/D

Consumption as a share of
world oil consumptiona 7.8-32% 14,.4~24.57%

Imports as share of world
0il importsb 8.3-34.6% 15.5-26.5%

&orld oil consumption is assumed to be 54 MB/D or 74 MB/D in
1990 according to the Eden and WAES estimates, respectively (see
Table 3, above).

bNOLDC oil imports are assumed to be the same fraction of NOLDC
consumption in 1990 as in 1976:

NOLDC imports 1976 - 4.7 - .84
NOLDC consumption 1976 .6

(see Table 1). Consequently, NOLDC imports in 1990 are estimated

to be between 4.8 and 14.6 MB/D. World oil imports are assumed to

be the same fraction of world consumption in 1990 as in 1976:

world imports 1976 _ 30.6 _ 78
world consumption 1976 ~ 39.2  *'°/°

Consequently, world oil imports in 1990 are estimated to be between
42.2 and 57.8 MB/D.

annually and oil price increases at the same rate in real terms—the range of our
forecasts narrows, as shown in Table 14.

It is worth noting that although the range of our forecasts is much wider than
that of the previous forecasts, the mid-points of the two sets of estimates shown
in Table 13 are almost identical: (a) the mid-point of forecasted NOLDC oil con-
sumption in 1990 is 11.5 MB/D in our estimates as compared with 11.7 MB/D in

31
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Table 14

Ranp Forecasts oF NOLDC O1n ConsuMPTION IN 1990: CENTRAL SCENARIO

NOLDC 0il Consumption in 1990 Rand Forecast
Total oil consumption ....eeeeveieeienanrannns 6.1-16.0 MB/D
Consumption as share of world oil consumptiona 8.2-29.67
Imports as share of world oil importsb ....... 8.8-31.8%

fWorld oil consumption is assumed to be 54 MB/D or 74 MB/D
in 1990 according to the Eden and WAES estimates, respectively
(see Table 3, above).

bNOLDC imports in the central scenario are estimated to be
between 4.8 and 27.1 MB/D, based on the procedures described
in Table 13, footnote b.

the previous forecasts; (b) NOLDC oil consumption in 1990 is 19.9 percent of world
oil consumption in our estimates versus 19.5 percent in the previous estimates; and
(c) the NOLDC share in world oil imports in 1990 is 21.5 percent in our estimates
versus 21 percent in the previous estimates.

IMPLICATIONS FOR POLICY

The wide range of our forecasts for NOLDC oil demand in 1990 suggests that
there is substantial uncertainty about all such forecasts. In addition to the standard
errors of the forecasts (to be discussed later), there are three principal sources for
this uncertainty: (1) differences in scenarios assumed for NOLDC economic growth
and for world oil prices; (2) differences in model specifications; and (3) differences
in the definition and measurement of variables used in the models. Among the
three, differences in scenario assumptions and in the definition of variables have
about equally large effects, whereas differences in model specification have the
smallest.

Differences in the scenarios (covering the high-income-growth and slow-price-
growth scenario, and the slow-income-growth and rapid-price-growth scenario) ac-
count for a 43-percent variation between the maximum and minimum 1990 fore-
casts when variable definitions and model specifications are held constant. Of
course, this range would be widened further if the scenarios were expanded to allow
for more extreme income growth and price scenarios that could be created by
various political and technological contingencies: for example, contingencies due to
political instability or disruption in the Middle East, or contingencies relating to
new major oil discoveries or to technological breakthroughs or breakdowns in the
development of synthetic fossil fuels.

As noted earlier, there are several plausible ways of measuring, deflating, and
adjusting the income and price variables of the models. These alternatives are
another major source of uncertainty. Differences in the definition and measure-
ment of the price and income variables, while the scenarios and model specifica-
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tions are held constant, account for a variation of more than 53 percent between
the high and low forecasts for 1990.

By way of contrast, differences in model specification result in a maximum
difference of only 5.2 percent between the estimates of model (1) and model (2) for
any given scenario. This difference is raised substantially by including or exclud-
ing country dummy variables, and allowing for the effect of time when dummies
are included.! These results relating to the differing sources of uncertainty, and
their relative effects, are summarized in Table 15.

Table 15

MaxiMUM VARIATION DUE To EACH SOURCE OF UNCERTAINTY

Maximum
Source of Uncertainty Variation (%)
T 1Y 43.3
Definition of variablesb e reesietii st aeaen 53.5
Model specificationc ceteasesssresssasecrasaens 5.2

NOTE: Whenever the definition of variables is held fixed,
GDP is defined as the average of the exchange rates in the 1969-
1971 period; the oil price is defined as the "own' price paid by
each individual country when these data are available, and as
the Ras Tanura price otherwise. Tables 9 and 10 and Appendix
Tables B.3 and B.4 are based on these definitions.

®pefinitions of variables and the model are held constant.
Maximum variation: occurs with model (2) in per capita terms and
excluding country dummies (see Appendix Table B.3). The 1990
forecast range attributable to the scenario variations lies be-
tween 7.53 MB/D in the low-income-growth (3-percent per annum)
and high-price-growth (5-percent per annum) scenario and 10.79
MB/D in the high-income-growth and low-price-growth scenario.

bScenarios and the model are held constant. Maximum varia-
tion occurs in the scenario with 7-percent GDP annual growth
rate and 5-percent annual price increase, using model (2) in
per capita terms without country dummy variables (see Appendix
Table B.5).

®Scenarios and definitions of variables are held constant.
Maximum variation occurs in the scenario with 3-percent GDP
annual growth rate and 5-percent annual price increase, with
models (1) and (2) expressed in aggregate terms, without
dummies (see Appendix Table B.3).

Even these sources of uncertainty do not tell the whole story. Both the maxima
and minima of these estimates should be extended to allow for the uncertainty of

1Tn the scenario with 3-percent income growth and 5-percent price growth, the maximum
demand forecast of model (2) with country dummy variables is 13.87 MB/D, whereas the cor-
responding forecast for model (1), without country dummies, is 7.85 MB/D, with models ex-
pressed in per capita terms. (See also the discussion of the time variable in Chapter 3.)
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each estimate. As noted earlier, standard errors of the forecasts are larger for
models without dummy variables (15 percent) than for models with them (5 per-
cent). To provide confidence levels of 95 percent, an additional margin between 30
percent and 10 percent, respectively, should be added to the intervals between our
upper and lower estimates of NOLDC oil demand in 1990.

What policy implications follow from these major uncertainties about NOLDC
oil and energy demand in the next decade?

The most obvious answer is that policy plans and pronouncements should
recognize the inevitably great uncertainty that must accompany efforts to forecast
NOLDC oil and energy demand this far into the future. From the standpoint of U.S.
energy policy, it may be wise to give greater attention to the forecasts based on high
NOLDC income growth, and high income elasticity of NOLDC demand, combined
with low price elasticity of NOLDC demand. If growth rates in the NOLDCs are
reasonably high (7 percent or more) and energy price increases are low, NOLDC
demand for oil may reach or exceed 17 MB/D in 1990. This means that the oil
consumption of the NOLDCs would amount to more than 30 percent of world
consumption, and that their oil imports would be nearly 35 percent of world im-
ports. If rates of economic growth in the NOLDCs are at the 7-percent annual level
and world oil prices are also rising steadily, NOLDC oil demand would still be fairly
high, perhaps as high as 15 MB/D, or as much as 27 percent of world consumption
and almost 30 percent of world imports.

The range of these forecasts suggests a dilemma for U.S. policy. Rapid growth
and economic development in the NOLDCs—a general aim of U.S. foreign policy—
especially if coupled with low price elasticity and high income elasticity of demand,
will mean a rapidly growing NOLDC demand for oil and hence upward pressure
on world oil prices and supplies—a situation that U.S. energy policy would prefer
to avoid. Thus the aims of U.S. policy in the arena of North-South relations are in
conflict with those in the international energy arena.

In principle, reconciliation between these differing U.S. policy interests may lie
in our encouraging the NOLDCs to follow “soft energy paths” (i.e., solar, geother-
mal, biomass, and other renewable energy sources), as well as to develop fossil fuel
resources. U.S. assistance that focuses on the development of these alternatives, not
excluding nuclear power, will help to ease the conflict between U.S. energy policy
and U.S. foreign policy vis-a-vis the LDCs. But these paths contain some pitfalls.
Politically, the LDCs are likely to react with skepticism if not resentment toward
the U.S. if we try to promote soft-energy development, as well as increased use of
gas and coal, in the developing countries while continuing to expand our own oil
consumption at home. Moreover, the promotion of nuclear power development in
the LDCs may increase the major hazard of proliferation of nuclear weapons.

The conflict between these two dimensions of U.S. policy—energy policy, and
foreign policy toward the “South”— is a real one. It may be a whimsical consolation
to observe that the intensity of the conflict is likely to be eased by the limited
effectiveness of U.S. policy efforts to accelerate the development of the LDCs or to
restrain the international demand for oil. However, U.S. pronouncements in vari-
ous international forums should at least be aware of, and sensitive to, the existence
of this conflict.

The relationship between the NOLDCs and world oil markets may be viewed
from a different, and more congenial, standpoint. Instead of looking at the effect
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of NOLDC economic growth and oil demand on world markets, one may consider
the effect of oil markets on the NOLDCs. When viewed from this standpoint, the
energy policy of the U.S. and its foreign policy are highly compatible, and, more
broadly, so are the interests of the U.S. and those of the NOLDCs.

In general, the NOLDCs and the developed countries share a strong interest in
expanded world oil supplies and lower, or constant, world oil prices. The developed
countries and the oil-importing less-developed countries are on the same side of this
North-South issue, not on opposite sides. The conventional way of viewing North-
South issues tends to miss or obscure this point. From the standpoint of energy
issues, the prevalence of conflicting interests may be less appropriately aligned
along axes labelled “North-South” than along those labelled “South versus South,”
or “North-plus-NOLDC-South” versus “remainder-of-South.”

For example, the 1979 oil import bill of about $31 billion paid by all NOLDCs
(based on $18-per-barrel oil prices and current NOLDC imports of 4.7 MB/D) prob-
ably constitutes at least as great an impediment to more rapid economic develop-
ment in the NOLDCs as any other aspect of the current (as distinct from the “new”)
international economic order. Moreover, these costs will probably be steadily rising
over the next decade. By 1990, it is estimated that the oil import bill of the NOLDCs
will be between $47 billion and $88 billion (in 1979 dollars) over the central range
of our demand forecasts.2 Thus, the incremental costs to the NOLDCs of their
annual oil imports will almost surely be much higher than the benefits they might
plausibly receive from any of the measures of international economic reform
sought by these countries: e.g., the stabilization fund advocated by the United
Nations Conference on Trade and Development in its Integrated Program of
Commodities; or the amounts of debt-service reduction that would ensue from a
rescheduling of LDC foreign indebtedness; or the increases in foreign economic
assistance that might be obtained from the developed countries of the North.

Of course, the cogency of this point of view differs with respect to different
subgroups among the NOLDCs. The rapidly growing NICs (new industrial coun-
tries) have been able to surmount the resource burden of drastically increased oil
import costs, but most of the NOLDCs have not. For those countries whose large
and growing burden of oil import costs acts as a brake on their economic develop-
ment, the possibility that OPEC might agree to a concessional oil price for NOLDC
buyers may warrant exploration.

There are obvious and serious drawbacks to such a proposal, which are dis-
cussed under “Research Implications,” below. Moreover, its political feasibility and
acceptability are remote, at best. Nonetheless, the idea is attractive because it just
might be a means for the NOLDCs to obtain supplementary assistance from the
“remainder-of-the-South.” The two-tier oil-pricing proposal might also be a concrete
means by which the U.S,, individually, and the “North,” as a group, could collabo-
rate with the “NOLDC South” in advancing NOLDC interests without seeming to
advance their own.

?The range is based on two assumptions: (1) The ratio between NOLDC oil imports and oil consump-
tion is assumed to be the same in 1990 as in 1976 (i.e., 0.84). (2) The minimum estimate of NOLDC oil
consumption (6.1 MB/D, Table 14) is associated with an assumed world oil price of $25 per barrel (in
1979 prices), and the maximum estimate in Table 14 (16.0 MB/D) is associated with an assumed oil price
of $18 per barrel. It seems likely that these estimates are conservative, i.e., the actual figures are more
likely to be higher than lower.
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A keener awareness of this point of view might provide several benefits. It
might reduce the tendency in some U.S. policy pronouncements to accept and
repeat the conventional formulation of LDC issues in “North versus South” terms.
It might also remind the NOLDCs of the important interests they share with OECD
countries.

RESEARCH IMPLICATIONS

1. One of the aims of Rand’s research on “Energy Utilization in Less-
Developed Countries,” of which this study is a part, is to develop and apply rela-
tively simple and inexpensive methods of estimating future oil and energy demand
in developing countries. In this study, we have experimented with only two formal
variants of an aggregative demand-estimating model. The results bear, although in
only a limited way, on a general question relating to modeling efforts in this field: -
In estimating future demand, what is the relative importance that should be as-
cribed to (a) refinements and sophistication in model specification, as against more
mundane concerns, such as the exogenous assumptions (scenarios) that are adopt-
ed, (b) the definition and measurements of variables, (c) the quality and comparabil-
ity of the data used to measure them, and (d) the inclusion or exclusion of dummy
variables?s

Our results bear on the answer to this question only in the sense that they take
into consideration the relative effects on our minimum and maximum demand
forecasts of (a) variations in model specification and (b) the effect of the more
“mundane concerns” mentioned above. As noted earlier, in terms of the percentage
effects on the minimum and maximum forecasts, the “mundane concerns” strongly
dominate.

Of course, our conclusion on this point still leaves ample room for indulging
preferences and prejudices in answering the original question. Since the model
variations we used were so limited in the first place, advocates of a contrary
conclusion may still legitimately contend that we did not adequately test the poten-
tial effects of more substantial model refinements on the demand forecasts.

2.  In future research, more attention should be focused on the separate
country subgroupings—new industrial countries, upper-income, middle-income,
and lower-income developing countries—than we have devoted to them. As previ-
ously noted, the pattern of price and income elasticities for these subgroupings is
similar to that of the all-country grouping, but there appear to be a few interesting
differences. Price elasticities of demand, for example, appear to be somewhat lower
for the upper-income NOLDCs than for the NOLDC group as a whole. (See Appen-
dix C.) However, we have not made separate forecasts of the expected oil demands
of these subgroupings.| Additional research along this line is worth considering.

We particularly recommend that further attention be given to the energy de-
mand and utilization patterns of the oil-importing NICs—Korea, Taiwan, Brazil,
Argentina, Hong Kong, and Singapore—both as a separate country grouping and

3Although country dummy variables are an aspect of model specification, they hardly represent
“refinement” and “sophistication.”
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asindividual countries. Among the less-developed countries, these are the ones that
are “making it,” in terms of sustained and rapid economic growth. Their demand
and consumption responses to changes in oil prices and income should be especially
interesting and instructive. For example: To what extent have these countries
relied on market forces and price changes, or on direct controls and rationing, in
allocating scarce energy supplies? To what extent, and through what means, have
they shifted production toward less energy-intensive output and technology? To
what extent have they been able to pass on to others their increased oil-import costs
simply by raising prices of their exports? '

Gaps and possible inaccuracies in the data for the NICs (e.g., data on oil prices)
have limited the work we have been able to do on these countries, based on the
sources available to us. However, direct access to data sources in the countries
themselves would alleviate some of these problems~Because NIC experience in
relating energy-use patterns and policies to significant economic growth has poten-
tial importance for the NOLDCs, further research focusing directly on these new
industrial countries is certainly warranted.

3. Studies, including this one, of energy and oil demand typically look at only
one side of the relationship between economic development and energy use,
namely, the effect of income growth and oil-price increases on energy (oil) demand.
Econometric research should also focus on the reverse relationship: the effect of
changes in energy use and energy prices on growth. Specifically, what is the rela-
tionship between increases in real oil prices, as an independent variable, and eco-
nomic growth (in the NOLDCs as a group, and for various country subgroups,
especially the NICs), as the dependent variable? Do oil price increases of X percent
“cause” (contribute to) a decrease of Y percent in the economic growth of the
importing countries, after proper allowance has been made for the effects of other
variables?

These questions confront the familiar identification problem. Effects run both
ways: prices and income growth affect energy use, and prices and energy use affect
economic growth. It may be possible to resolve this problem through various model-
ing efforts that make proper allowance for both types of interaction, as well as for
other influences on growth besides energy prices and uses.

The policy relevance of this line of enquiry is indistinct, but worth considering.
For example, NICs such as Korea and Taiwan have managed to avoid or limit the
growth-inhibiting effect of high energy prices. In principle, then, either the coeffi-
cient describing the effect of energy prices on growth has been small for these
countries, or it has been offset by other variables with higher coefficients, e.g.,
output in sectors with major economies of scale, or exports in fields with large
comparative cost advantages, etc. It would be useful to identify and calibrate these
“other variables” in order to formulate and articulate U.S. policy toward the de-
veloping countries in particular and toward North-South relations in general.

4. A final research suggestion relates to our previous comments on a two-tier
oil-pricing policy. Initially, and quite independent of that policy, it would be worth-
while to investigate the extent to which the effective prices for oil and oil products
actually paid by NOLDCs have been below quoted world prices. To what extent
have oil exporters provided rebates, or concessional “offset” loans, or “tied” aid or
other forms of resource transfers to NOLDCs, thereby lowering the effective oil
prices paid by these countries?



38 DEMAND FOR OIL AND ENERGY IN DEVELOPING COUNTRIES

Against this background, the possibility of a two-tier oil-pricing policy might be
usefully explored. The essential idea would be for oil exporters to charge a lower
price for specified amounts of oil exported to and consumed by the NOLDCs (or at
least the middle- and lower-income NOLDCs) than is charged on world markets.
The aim of the lower price would be to reduce the inhibiting effect of high and rising
oil import costs on the development of these countries. For the oil exporters, the
principal reason for considering such a pricing policy would be to contribute to the
development of their less-fortunate non-OPEC-members of the “South.” Although
political benefits for OPEC members might be associated with this course of action,
these reasons might not be persuasive. Even so, advocacy of such a policy (by the
NOLDCs and by the “North”) could still have political merit.

Apart from its political acceptability, the idea would face some obvious and
serious drawbacks. As in any price-controlled market, incentives would be created
for leakages (or “black markets”). Favored NOLDCs might try to boost their im-
ports in order to re-export. Or multinational companies might relocate refining
capacity in the favored countries to qualify for preferential oil prices. To avoid
these pitfalls, it will be necessary to navigate the murky waters of allocations,
quotas, and possible international recriminations.

In the face of such formidable difficulties, why consider the two-tier oil price
proposal at all? There are two reasons: (1) primarily because it may be a means of
increasing financial assistance from the OPEC-“South” to the NOLDC-“South”;
and (2) because it may enable the U.S. and the “North” to take a positive initiative
that will further the interests of the NOLDC “South” without either advancing or
hindering their own.

Research on this proposal would need to (a) elaborate it in some detail; (b)
examine whatever precedents exist that may be a useful source of relevant experi-
ence; and (c) consider how a two-tier pricing system might work, how to deal with
and set quotas for NOLDC importers, how to resolve or ease the difficulties men-
tioned above, and how to monitor and implement such a pricing system.



Appendix A

DERIVATION OF THE DEMAND
MODEL

Using the same symbols referred to in Chapter 3, derivation of the partial
adjustment or lagged adjustment model (1), can be summarized as follows:

1. A desired, or target, level of energy or oil demand, Q} at any time, t, is
assumed to depend on the price of energy (oil), and the prevailing level of economic
activity or income:

with (A1)

2. The actual level of demand, Q,, adjusts to the desired level, Q} by a process
that occurs gradually over time. The speed of adjustment depends on the ratio
between the actual level and the level prevailing in the previous period t — 1,
compared with the corresponding ratio between the desired level and the previous-
ly prevailing level:

1-A

Q (Q’*; ) 42)
Q1 Q- '

The parameter, A, indicates the speed with which the adjustment takes place:
(1 < A <0). When A = 0, actual demand adjusts quickly to desired demand; A = 1
implies slow and protracted adjustment.

3. Substituting (A.1) into (A.2), results in

a B\1-A A
Q= a (Yt Pt) Q_q”’ (A.3)

or model (1) referred to in the text.
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Appendix B
SELECTED REGRESSION RESULTS

This appendix presents the regression statistics discussed under “Estimation of
Income and Price Elasticities” in Chapter 3. Regression coefficients, t-statistics, and
standard deviations for each aggregate model are given in Table B.1, and those for
the per capita models are shown in Table B.2. Tables B.3, B.4, and B.5 present the
oil demand forecasts for all the income growth and oil price growth scenarios
referred to in the text.

40
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Table B.1

REGRESSION STATISTICS FOR AGGREGATE NOLDC OIL AND ENERGY DEMAND

Dummy Variables Regression Coefficients t—Statisticsb :
and Standard 2
Variable Definitions® | Q(t-1) ' P(t) ¥(t) ¥(t-1) | Q(t) B(¢) ¥(r) ¥(t-1)| Error R
0il Demand

[2] 0.976 -0.055 0.029 0.0 127.17 -4.99 3.37 0.0 0.133 0.9940

0.978 ~0.043 0.030 0.0 124,88 -4.17 3.43 0.0 0.134 0.9939

0.976 -0.049 0.180 -0.153}127.71 -4.39 3.11 -2.66 0.131 0.9941
[21 0.978 -0.039 0.197 =-0.169 | 125.66 -3.80 3.40 -2.94 0.132 0.9941
[1] 0.458 -0.071 0.117 0.0 12.14 -3.62 3.23 0.0 0.108 0.9960
[1,2] 0.466 -0.049 0.117 0.0 12.28 -3.07 3.19 0.0 0.109 0.9960
[1] 0.462 ~0.072 0.180 -0.090 12.19 -3.71 3.36 -1.50 0.108 0.9960
[1,2] 0.470 -0.050 0.178 -0.087 12.31 -3.14 3.28 -1.43 0.109 0.9960
[3] 0.986 -0.059 0.017 0.0 178.49 -5.32 3.10 0.0 0.133 0.9940
[2,3] 0.988 -0.047 0.017 0.0 175.83 ~4,52 3.10 0.0 0.134 0.9939
[3] 0.986 -0.059 0.071 -0.055| 179.19 =-5.37 2.71 =-2.14 0.132 0.9941
[2,3] 0.988 -0.047 0.069 -0.052{176.69 -4.64 2.60 =-2.01 0.133 0.9940
[1,3] 0.481 -0.076 0.013 0.0 12.91 -3.82 0.85 0.0 0.109 0.9959
[1,2,3] 0.490 -0.054 0.012 0.0 13.08 -3.31 0.78 0.0 0.110 0.9959
[1,3] 0.484 ~-0.072 -0.053 -0.054 13.02 -3.62 2.23 -2.20 0.108 0.9960
[1,2,3] 0.493 -0.050 0.053 -0.056 13.18 -3.11 2.22 -2.25 0.109 0.9960

Total Energy Demand

0.974 -0.041 0.030 0.0 133.67 -4.15 3.42 0.0 0.133 0.9948
[2] 0.974 -0.037 0.031 0.0 129.70 -3.80 3.42 0.0 0.135 0.9946

0.973 -0.037 0.178 -0.148 | 133.67 -3.74 3.24 -2.72 0.132 0.9948
[2] 0.973 -0.034 0.188 -0.157|129.72 -3.48 3.33 -2.81 0.135 0.9947
[1] 0.564 -0.061 0,131 0.0 17.19 -3.10 3.89 0.0 0.113 0.9962
[1,2] 0.556 -0.060 0.137 0.0 16.56 -3.67 3.86 0.0 0.114 0.9962
[1] 0.554 -0.062 0.144 -0.011{ 16.77 -3.19 2.76 =-0.19 0.112 0.9963
[1,2] 0.544 -0.061 0.131 0.016] 16.07 -3.78 2.44 0.27 0.113 0.9963
[3] 0.985 -0.045 0.016 0.0 190.09 -4.47 2.81 0.0 0.133 0.9947
[2,3] 0.986 ~-0.040 0.016- 0.0 185.82 -4.13 2.79 0.0 0.136 0.9946
[3] 0.984 -0.046 0.066 -0.050} 189.47 -4.56 2.51 -1.95 0.133 0.9947
[2,3] 0.985 -0.041 0.065 -0.049!185.24 -4,22 2.43 -1.87 0.136 0.9946
[1,3] 0.586 -0.065 0.010 0.0 17.91 -3.23 0.68 0.0 0.114 0.9961
[1,2,3] 0.578 -0.064 0.009 0.0 17.22 -3.85 0.59 0.0 0.115 0.9961
[1,3] 0.575 -0.060 0.056 -0.059| 17.74 ~-3.03 2.30 -2.42 0.013 0.9962
1,2,3] 0.567 -0.061 0.052 -0.056} 17.04 -3.69 2.11 -2.26 0.114 0.9962

NOTE: The letters at top of columns are as defined in the text: Q = oil (energy) demand; P =

0il (energy price); Y = income (GDP); t = year.

8The following explanation applies to the numbers shown in this column: [1] signifies that coun-
try dummy variables were used in the regression equation whose coefficients appear in the adjacent
row to the right; [2] signifies that "own-price" (P{) was used to measure oil or energy prices
(where [2] does not appear, deflated Ras Tanura prices were used); [3] signifies that income (GDP)
was measured by Y} Lt (with the U.S. price deflator employed as discussed in the text; where [3] does
not appear, the measure of income used is Yy with deflation by the local price deflator) Thus,
where [2,3] appears at the left, the adjacent regression equation (a), did not yse country dummies,
(b) defined the price variable as P", and (c) defined the income variable as Yt

The model (2) regression estimates are those in which Y,_.1 appears; the other coefficients refer
to model (1).

Seventy-seven NOLDCs are included in the analysis.

bFormal tests of serial correlation, such as the Durbin-Watson test, were not applied to our
data. We did not think they were necessary for the models with dummy variables, since such models
would correct for any error components that were constant within countries. For the models without
dummies, we examined plots of residuals within each country (while looking for outliers), to con-
firm that there were no apparent trends in the residuals.
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Table B.2
REGRESSION StaTistics FOR PER Carita NOLDC O1n aND ENERGY DEMAND
Dummy Variables Regression Coefficients t—Statisticsb
and a Standard 9
Variable Definitions™ | Q(t-1) P(t) Y(t) Y(t-1) | Q(t) P(t) Y(t) Y(t-1)!| Error R
0il Demand

0.966 -0.054 0.055 0.0 108.45 -4.86 3.81 0.0 0.134 0.9903
[2] 0.965 -0.041 0.059 0.0 107.21 -4.07 4.05 0.0 0.136 0.9902

0.970 -0.047 0.234 -0.192 {109.52 =4.19 4.17 -3.30 0.133 0.9906
2] 0.970 -0.037 0.249 -0.205|108.53 -3.63 4.43 -3.50 0.134 0.9905
[1] 0.431 -0.073 0.144 0.0 11.48 -3.71 4.09 0.0 0.109 0.9937
[1,2] 0.440 -0.050 0.143 0.0 11.65 -3.06 4.01 0.0 0.110 0.9936
[11 0.439  -0.075 0.226 =0.121| 11.57 -3.82 4,40 =-2.12 0.108 0.9938
[1,2] 0.449  -0.050 0.226 -0.124 | 11.74 -3.16 4.35 =-2.12 0.109 0.9937
[3] 0.986 -0.059 0.020 0.0 182.43 -5.23 2.86 0.0 0.135 0.9902
[2,3] 0.988  -0.045 0.021 0.0 180.15 -4.36 2.97 0.0 0.137 0.9901
[3] 0.986 ~0.059 0.090 -0.071 |183.42 -5.31 3.42 -2.75 0.134 0.9904
[2,3] 0.988 -0.046 0.087 -0.067 |181.20 -~4.49 3.28 -2.57 0.135 0.9903
[1,3] 0.458 -0.081 0.028 0.0 12.30 -4.03 1.79 0.0 0.110 0.9935
[1,2,3] 0.468 ~0.056 0.026 0.0 12.50 -3.41 1.67 0.0 0.111 0.9935
[1,3] 0.463  -0.077 0.070 -0.057 | 12.41 -3.84 2,94 -2.32 0.109 0.9936
[1,2,3] 0.473  -0.053 0.070 -0.059 | 12.61 -3.23 2.92 =2.40 0.110 0.9936

Total Energy Demand

0.965 -0.041 0.056 0.0 115.91 -4.04 4.05 0.0 0.135 0.9908
2] 0.964 -0.036 0.061 0.0 112.63 -3.73 4.27 0.0 0.137 0.9906

0.969 -0.036 0.231 -0.188 |116.04 -3.54 4.32 -3.39 0.134 0.9909
[2] 0.967 -0.032 0.242 -0.195]112.91 -3.33 4.41 -3.41 0.136 0.9907
[1] 0.541 -0.065 0.146 0.0 16.38 -3.27 4.45 0.0 0.114 0.9934
[1,2] 0.534 -0.061 0.155 0.0 15.79 -3.69 4.47 0.0 0.115 0.9934
[1] 0.536 -0.066 0.201 -0.073 ] 16.03 -3.36 4.00 -1.30 0.113 0.9935
[1,2] 0.527 -0.062 0.196 -0.053 | 15.38 -3.79 3.78 ~0.92 0.114 0.9935
[3] 0.986 ~-0.045 0.019 0.0 188.32 -4.38 2.65 0.0 0.136 0.9906
[2,3] 0.987 ~0.040 0.020 0.0 184.13 -4.04 2.76 0.0 0.139 0.9904
[3] 0.985 -0.045 0.086 -0.069 |187.90 -4.46 3.27 -2.65 0.136 0.9907
[2,3] 0.986 -0.041 0.086 -~0.067 |183.67 -4.11 3.19 -2.53 0.138 0.9905
[1,3] 0.565 -0.071 0.022 0.0 17.11 -3.53 1l.44 0.0 0.115 0.9932
[1,2,3] 0.558 -0.067 0.020 0.0 16.47 -3.98 1.33 0.0 0.117 0.9932
[1,3] 0.555 -0.067 0.075 -0.068 | 16.95 -3.34 3.07 -2.78 0.114 0.9934
[1,2,3] 0.548 -0.063 0.071 -0.065| 16.31 -3.81 2.88 =-2.63 0.115 0.9934

NOTE: The letters at top of columns are as defined in the text: Q = oil (energy) demand; P =
oil (energy price); Y = income (GDP); t = year.

2The following explanation applies to the numbers shown in this column: [1] signifies that coun-
try dummy variables were used in the regress1on equation whose coefficients appear in the adjacent
row to the right; [2] signifies that "own-price" (P{) was used to measure oil or energy prices
(where [2] does not appear, deflated Ras Tanura prices were used); [3] signifies that income (GDP)
was measured by Yl ¢ (with the U.S. price deflator employed as discussed in the text; where [3] does
not appear, the medsure of income used is Y, with deflation by the local price deflator, instead).
Thus, where [2,3] appears at the left, the adjacent regression equation (a) did not use country dum-
mies, (b) defined the price variable as P", and (c) defined the income variable as Y

The model (2) regression estimates are those in which Y._1 appears; the other coeff1c1ents refer
to model (1).

bFormal tests of serial correlation, such as the Durbin-Watson test, were not applied to our
data. We did not think they were necessary for the models with dummy variables, since such models
would correct for any error components that were constant within countries. For the models without
dummies, we examined plots of residuals within each country (while looking for outliers), to con-
firm that there were no apparent trends in the residuals.
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Appendix C

ESTIMATES OF INCOME AND PRICE
ELASTICITIES OF DEMAND FOR OIL
FOR SUBGROUPS OF NOLDCs

In Tables C.1 and C.2, we show the income and price elasticities of demand for
oil; these elasticities were estimated in our regression equations for the subcatego-
ries into which we grouped the 77 countries in our sample.

The corresponding elasticities for the all-country regressions are shown in
Tables 7 and 8 of the text.

46



47

ESTIMATES OF INCOME AND PRICE ELASTICITIES OF DEMAND

Se pue ‘7767 ur juedxad T yo a8uByo SWOOUT UB SB UIAT3 ST (66T IBSL 9yl uT puewep ur 23ueyo s8ejuediad peiorpead ayg

-$2WO(I S$S01H, IDPUN UOTSSNOSTP @Yl 298) SIBTTOP *§'[] O3 PIII2AUOD USBY3 Pu®B peiel[Iap

*I9313IBO2I9Y] SWODUT JUB]ISUOD

q

* (¢ a03dey)n ur ,,300poig OTI

¢

& SUTBWAI 4D FO UOTITUIFOQ *£Tuo

9o1ad Jo UOTITUIFOpP 03 pue ‘suoT3edrIroads puewsap B3Tdeo 1ad snsisa 93839133® 03 9np oi1e uoliaeTaea Jo saduex aur,

090°0- 0€T 0~ 090°0- 0€1°0- €00°0- 700~ €50°0 900 (Z) tepow fajerpeumy
100°0- 0500~ T00° 0~ 050°0- T00°0- 8€0°0- 100°0- £20°0~ (1) Tepou fpakereq Juasaig
€95°0 86€°0 182°1 968°0 00L°0 T0S 0 6110 960°0 (2) Tepow fojerpaumy
7%6°0 T0%°0 €521 £88°0 159°0 £€9%°0 050°0 L£0°0 (1) 19pow {pakerag JuRsqY
S8TIJUNO) IDTAJ-WM) & puBwWaq TLO
L5070 0ST° 0~ €60°0- 702°0- r10 €60°0 €0%°0 19€°0 (¢) Tepow foleTpamuW]
%20 ¥ST1°0 A 6ST°0 SST 0 £60°0 $50°0 %€0°0 * (1) 1epou fpakersq FYCEERE
w490 86T°0~ 69%°0 6740~ £€8%°0 9Z1°0- €05°0 S8T°0 (Z) Topou fajeTpoumy
LES"0 012°0- 865°0 26270~ 7%€°0 85T 0~ 260°0 §20°0- (1) Tepom :paderaq Jussqy
S?9TI3UNO) POZTTBIIISNPUI MON :PuBWL] TTO
0220 621°0 022°0 621°0 96T°0 12170 ze1°0 880°0 (7) Tepom fo3ETpoumM]
84T°0 910 8L1°0 791°0 SHT*0 0CT°0 ZIT°0 960°0 (1) Tepow paderaq juesaig
9680 68%°0 9TL'T €00°1 856°0 785°0 6TT 0 191°0 (z) Tepou ¢ojerpoumy
9€6°0 19%°0 68T 850°T T°L6°0 T66°0 160°0 £%0°0 (1) T9pPOR {pakeraq Juesqy
S3TAJUNO) SWODUI-MOT :purlidgg ITO
%1170 €0T°0- %110 €010~ 21270 %%0°0 TI€°0 16170 (Z) T9pouw ‘aleTpoum]
%2270 610°0 %2270 610°0 9L1°0 STO°0 8¢T°0 T10°0 (1) 19pow {pakeraq Juesaig
129°0 865°0 H0€° T 200°1T 6L°0 %0L°0 90%°0 0820 (2) 1opouw fojeypoumy
€€L°0 22570 868" T 8ve" T 796°0 L6970 $90°0 9%0°0 (1) 1epou :pakeraq Juesqy
S9TAJUNO) SBUWODIUI-IdTPPIW (PUBWR] [TO0
860°0- LIT0- 860°0- 81T 0~ 9€0°0 %200~ CET 0 890°0 (z) Tepow fajeTpaunm
%80°0 S00°0- %80°0 G00°0- 650°0 €00°0- %€0°0 T00°0- (1) Tepou fpakeieq ELCECES:
¥5%°0 8L0°0 026°0 6500~ SIS°0 8%0°0 TLT°0 8800 (z) TePpouw fojeTpoum]
61I%°0 0S0°0 616°0 %€1"0 6L%°0 690°0 6£0°0 %00°0 (1) Tepou fpakersq Juesqy
$9T13Un0) swoouIl-y3Ty :puBweq TIO
WNWT X B WNWEUTR WNWTXBW WNWL UL WNWT XER WNWTUTRK WNWIXBW WNWTUTH 28uey) awooug SOTqERTIRA Aumung
03 juauwisnipy La3unoyn
q0661 £q pazrTesy A31oT3seTy 2wodul A31oT3seTy Quwooul £31oT38BTg 2WodUul
A3TOTISBTY Swodul uny-8uog uny-wnt psi uny-3jioys

NOLLVINV A TAAOJ\ 40 SNOISNAWI(] HHAO STILIDILSVIH EWOON] JO0 STDNVY

1D °I9BL



DEMAND FOR OIL AND ENERGY IN DEVELOPING COUNTRIES

48

*Jd313Je9i9Yyl SWOOUT JUBISUOD
s® pue ‘//6T UL juedied T Jo o8ueyd 20Tad ' se usald ST Q66T X894 9Y3 ur puewsp ur o3ueyd s8ejusdied pajorpaxd w:ap

* (¢ 133deyp ur ,3onpoag
OT3S3WO(Q S$S019Y,, ID2PUN UOTSSNISTP 99S) SIBIOP °§°[1 03 PIIIJAUOD USYZ puBR poleBIIop ,.w Surews1 JgH JO UOTITULISQ ‘*ATuo
2oTad Jo UOTITUTISP 03 pPue ‘suorledrirosds puewsp e3rded i1ad snsisa o93183018%e 03 2np 21r UOTIBTIBA JO Safuel Ayl

59070~ ST 0~ §90°0- %61 0- 0s0°0- 021°0- GE0°0- L80°0~ (z) Tepou ‘ojerpaum]
190°0~ Ly1°0- 190°0- Ly1°0~ 8%0°0~- SIT°0- %€0°0- %8070~ (T) Tepou :pakeraq Juesaig
6% 0~ 929°0- 69T 1~ %61~ £09°0- £66°0— S%0°0- €600~ (¢) 1epow fazeTpaumi]
€670~ 75970~ 0%0° 1~ L9L° 1 £¥5°0- ¢16°0- L%0°0~ LS00~ (1) 1Ppou fpaderaq Juasqy
S9TIJUNOY °DTIJ-UMQ :puBRWLBg [TO
900°0 8600~ £00°0 y0T°0~ %00°0 19070~ T00°0 61070~ | (7) Topow ‘fojefpeuu
L2170~ 8¥T " 0- T€T 0 L9270~ 08070~ 96170~ 8C0°0- §50°0~ (1) Tepou {pafereq jussaid
1e170- 991°0- 6%1°0- 1920~ €80°0- 6£T° 0~ LT0° 0~ 6T0°0- (2) Tepou fojerpoum]
OyT 0~ LLT° 0~ €L1°0- €%¢° 0~ 6600~ CeT 0~ LTO 0~ 0€070~ (1) Topou ¢pafereq Juasqy
S9TIJUNO) PIZITBLIISNPUI MON :puBwWS(g TTO
69170~ LLT 0 64170~ LLT 0~ T o0- 6%1°0- 600~ T¢t°0- (Z) Tepou fajerpauml
0ST 0~ €LT 0~ 0ST°0- €LT°0- [4AN SH1°0- %60°0- 91170~ (1) Tepow ipakersq udsaLg
06670~ 79970~ 16C° 1~ €197 1~ €L9°0~ L8870~ 6S0°0- 090°0- (2) Tepow fajeypauuy
S19°0- 99170~ 9TC I~ €EL T 8€9°0~ 206°0~ 090°0- 04070~ (1) TePow {pafelsq Jussqy
S9TAIUNO) JWODUI-MOT :puewsdg TI0
00070~ T€0°0- 000°0- 1€0°0~ 0000~ S20°0~ 000°0~- 8T0°0- (Z) T1epou {ejeTpoum]
L0000~ €20°0- £L00° 0~ €20°0~ 900°0- 8T0 0~ 70070~ €10°0- (T) T1opou fpaferag Juesaig
%1°0- 06e 0~ LO%°0~ €66°0— 012°0- ¢IS° 0~ ¢10°0- 0€0°0- (2) TPpou {ejeTpoumy
L9170~ T6€°0— ®iv°0- 50670~ 022 0~ 89%°0- ST0"0~ T€0°0~- (1) T9pou {pakeraq Juesqy
S9TIJUNO) SWOOUI-2TPPIW :PuBwag TIQ
LLT 0~ %2°0- LLT°0- whTTo- 1Z1°0- €91°0- T90°0~- 68070~ (¢) Tepou fojerpeumy
S9T°0- €%C 0~ 991°0- IR TNV 9IT°0~ 79170 090°0~ 160°0- (1) T1epou {pakerag Jussaig
SHE"0- €96°0- 888°0- 6€€ T~ 66y 0~ 169°0- 1€0°0- 250°0- (Z) Tepou f{ajerpauwwl
6L8£70~ GLST0- 966°0- 6% 1- 86%°0— TLL 0~ %€0°0~ £60°0~ (1) Tepow :padefaq Juasqy
$3113uno) swooul-ySIH :puBwLg IO
WNUTXEBR WNWT UL} WNWT XeR WNWTUTK WNUTE X Bl WNIT UT} WNWIXBR WNUTUTK 98uryy swodul s9TqETIR) Aummg
01 judwysnflpy £313Unoy
q066T £q pazTTESY A1TOTISBTY @OTiq. A3TOTISBTY @0T1gd A3T0T3SBTY 9¥0Tid
AITOTASBTE 99Tad uny-3uo uny-wnt pay uny-1aoyg

pNOLLVIEVA TIAOJA A0 SNOISNAWI(] HHAO SALLIDILSVIY FOIYJ 40 SADNVY

G0 °lqeL



Appendix D

RELATIONSHIP BETWEEN THE
ADJUSTMENT LAG A AND THE
MEANING OF THE LONG-RUN
ELASTICITIES

This appendix extends the discussion of income and price elasticities in Chapter
3, in which we describe the variation in the length of the long-run time span as it
relates to the adjustment (Koyck) lag.

For model (1),! a(1 — A) and B(1 — A) represent the short-run (SR) income and
price elasticities, respectively, which are given in Tables 7 and 8 of the text. As
indicated in footnote e to Table 7, the realized elasticity for a period of n years is

- 1-An
R M & ’
(SR elasticity) (1 -y )

where A is the adjustment lag and 0 < A < 1. Clearly, as n approaches infinity, this
realized elasticity becomes the long-run (LR) elasticity:

1
LR elasticity = SR elasticity - (ﬁ) .

For relatively low values of A, however, the realized elasticity and the LR elasticity
are, for our purposes, equal to each other for various values of n. This ultimate
adjustment is shown in Table D.1 for various values of A. For example, when A =
0.6 and n = [year-1976], 99.9 percent of the total long-run adjustment of demand
to price and income changes will take place after 14 years, or to the year 1990.
Expressed in other terms,

Realized 1- 214
elasticity ] = SR elasticity (1 Y ) = 0.999 LR elasticity.
to 1990 A=0.6

We have transformed Table D.1 into a family of curves in Fig. D.1 to illustrate
the role played by the adjustment (Koyck) lag A.
For model (2), we follow what has been said in footnote e to Table 7.

1See Eq. (1) in Chapter 3.
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Table D.1

PERCENTAGE OF LONG-TERM ADJUSTMENT OF DEMAND TO INCOME
AND PricE CHANGES AFTER N YEARS, GIVEN A
SpECIFIED LAG PARAMETER

Percent of adjustment

Percent of Ultimate Adjustment
Adjustment
Lag A 1980 1985 1990 2000 2076
0 100 100 100 100 100
.20 99.8 100 100 100 100
.40 97.4 99.0 100 100 100
.60 87.0 98.9 99.9 100 100
.80 59.0 86.6 95.6 99.5 100
.90 34.4 61.3 77.1 92.02 100
.95 18.9 36.9 51.2 70.8 99.4
.96 15.0 30.7 43.5 62.5 98.3
.97 11.5 23.9 34.7 51.9 95.2
.98 7.8° 16.6 24.6 38.4 86.7
.99 3.9 8.6 13.1 21.4 63.4
NOTE: Entries are (1 - A™)/(1 - 1), where

n = [year-

90 |-

80 |

70

60

50

40

30

20+

10

1976]1.

1 1

N

| I !

40

50 60

:l'ime (years)

70

80 90 100

Fig. D.1—Percentage adjustment of demand to income and
price changes over time, for specified lag parameters





